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NOTES UPON HAWAIIAN PLANTS ‘WITH DESCRIPTIONS OF 

NEW SPECIES AND VARIETIES. 

By JosePpH F. Rock, 
Botantst. 

(Consulting Botanist, Board of Agriculture and Forestry.) 

The writer has had opportunity of visiting all the high moun- 
tains of this island group with the exception of Mauna Loa, the 
second highest one. 

The summits of these mountains, possessing as they do a tem- 
perate climate, harbor many interesting plants. Waialeale on 
Kauai 5080 feet, Puu Kukui on West Maui 5788 and Kaala, the 
summit of Kohala 5505 feet, are big open swamps. These are 
wrapped in clouds nearly the whole year round, with the excep- 
tion of the short periods during which the south wind prevails. 
These swamps support a stunted vegetation consisting mainly of 
genera adapted to a moist and temperate climate. 

Geramiums are to be found on all the high mountains with the 
exception of the summit of Kohala. Puu Kukui on West Maui 
and Wataleale on Kauai possess only small species which are very 
closely related, both of them being creepers a few inches high. 
On Mauna Kea, 13.823 feet, Hualalai, 8,969 feet, and Haleakala, 
10,030 feet, they are stunted, some, however, reaching a height of 
10 to 15 feet with a trunk of sometimes 7 inches in diameter ; they 
do not, however, grow at an elevation higher than 10,000 
feet. At 11,000 feet native vegetation ceases entirely, the only 
plant observed higher than that is Sonchus oleraceus L. with a 
long thick root-stock and prostrate leaves and flowers. 

Viola is found on all the larger islands; none, however, had 
been recorded from the Island of Hawaii. During the month 
of June, 1910, the writer was fortunate to ascend to the summit 

of Kohala, where, to his surprise, he found a form of Viola 
Maviensis in the open bog. The plants are much taller than those 
icome vest) Mani reaching aheteht of several feet. On Mast 
Maui the writer discovered a form of J’. robusta growing in the 
dry sections on Haleakala, and on the island of Lanai a Viola simi- 
lar to the one described by Forbes and Lydgate as “Viola Helena,” 
their plant came from the island of Kauai, mountains of Wahiawa. 

Hillebrand, in his Fiora of the Hawaiian Islands, mentions 
under Viola robusta, a plant collected by Remy on Lanai, No. 
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532, which he thought to be a variety of I”. robusta, and also a 
slant collected by W. Knudsen on Kauai. The writer compared 
liis specimens with Mr. Forbes’ type and found them to be almost 
identical with the exception of variations in the leaves, and aiso 
differing in its single flowered peduncle; as a whole the plant is 
much taller than Forbes’ type. The plant is decidedly distinct 
from Viola robusta and deserves the rank of species. 

In addition to the notes on the genera /7iola and Geranium 
the writer describes two new species of Tetraplasandra; one com- 
ing from the summit of Waialeale, the other from the island of 
Lanai. 

This is the second species of that genus recorded from Kauai. 
T. Waimeae inhabiting the dry districts back of Waimea at an 
elevation of 3600 feet associated with Sidcroxrylon sandwicense, 
Pterotropia Kauaiensis, Bobea Mannu, Solanum Kauatense, Cya- 
nea leptostegia, etc.. while 7. Waialealae inhabits the swamps of 
the high plateau of Waialeale, elevation 5000 feet, in company with 
species peculiar to that region, such as Drosera, Viola, Sanicula, 
Acaena, Geranium, etc. 

One species of Pittosporum is described from the island of Mo- 
lokai; it being the only litoral species recorded from this archi- 
pelago, and a species of Pelea a handsome large tree from the 
lava fields of Auahi, Mt. Haleakala, elevation 2600 feet; it is re 
markable for its habit of growth as a whole and for its large 
inflorescence which bears from 10-G0 flowers. 

At last a new species of Sideroxylon from the same locality as 
Pelea multiflora and a description of the fruits of Sideroxrylon 
spathulatum hitherto unknown. 

VIOLACEAE. 

Wie IG, Sec, jolls Ed, L753) OSS. 

V.Maviensis Mann Enum. Haw. Pl. (1866) n. 11, et Fl. Haw. 
Isl. (1866) 120;—Hillebrand Fl. Haw. Isl. (1888) 16. 

Maui: Summit of West Maui. Puu Kukui, elevation 5,788 
feet, in bogy ground common in company with Acaena exigua 
Gray, Geramum humile Ebd. etc. (Rock n. 8148, flowering August 
21, 1910). Also observed lower down at an elevation of 4600 
HES, 

Molokai: Swamp of Kawela near Kamoku camp, elevation 
/ O00mects Rocke m olO0G,tnunitine lance OuO)e 

Note: Only two small plants were observed in the open bog 
on Molokai in company with Astelia sp., Selaginella deflexa 
Brack., etc. 
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Var. kohalana Rock v. n. suffruticosa, caudicibus 10-16 dm 
longis, stipulis ovato-lanceolatis, foliis rotundatis in petiolos 7 
em longos; scapis 3-4 dm longis bibracteatis, pedicellis 3-9 cm 
longis, floribus magnis coeruleis vel albis. 

Caudex 10-16 dm long, woody, more or less prostrate, stipules 
ovate lanceolate reddish brown, leaves as before on petioles of 

2-7 cm, peduncles blackish blue when with dark blue flowers, light 
yellow, when with white flowers, bearing umbels of blue or white 
flowers on bibracteolate pedicels of 3-9 cm length; capsules as 
before. 

Hawati: Mountains of Kohala in bogy ground, mainly in thick 
moss on trees as well as near the summit of Kohala in open 
swampy places in company with Cyathodes imbricata var. struthio- 
loides, Selagmella deflexa. etc. (Rock n. 8385, flowering and 
fruiting June 21, 1910). The flowers are very fragrant and large, 
the dark blue-flowered specimens occur lower down to an elevation 
of 4600 feet, while the white ones are found only higher up, 5200 
feet elevation. 

Note: This variety differs from the species in its very long 
caudex, scapes, and petioles, as well as pedicels and in its large 
flowers which are also white. No violets had been recorded, pre- 
viously from the island of Hawaii. 

V. Kauaensis Gray Bot. U.S. E. Exp. (1854) 85;—H. Mann 
iniidtawy. Pin 10, et Fl. Haw. Isl. (1866) 120;—Hillebr. Fl. 
awe isl) (188s) 15;—Heller Pl, Haw. Isl.-(1897) 857. 

Kauai: Bog of Lehua makanoe, central plateau back of Kaho- 
luamano, elevation 4200 feet. (Rock n. 2130, flowering March 
mb Oop noc me o/25, iuitine Sept. 16, 1909). Also observed 
at Kauluwehi swamp, elevation 4300 feet, in company with 
Drosera longifolia, Schizaea robusta, etc., on Waialeale, the sum- 
mit of Kauai, elevation 5250 feet, observed in company with 
Sanicula, Acaena exigua, Dubautia waialealae, ete. 

Note: The specimens from Lehua makanoe are larger than 
those from Waialeale or Kauluwehi swamp. 

Native names “Pohehiwa” and “Kalli.” 

V. robusta Hillebr. Fl. Haw. Isl. (1888) 16. 
Molokai: Back of Kamoku camp on the banks of a stream, 

elevation 4000 feet, or less (Rock n. 6114, fowering and fruiting 
March, 1910; Rock n. 6196, on moss-covered tree trunks back 
of Kawela swamp, on the ridge leading to Pelekunu, flowering 
goon imme March, 1910; Rock m. 7019 on tree trunks, heights 
above Kamalo ridge leading to Pelekunu, flowering and fruiting, 
april, LOLO),. 
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Note: Plants from above Kamalo are much smaller than those 
from Kamoku. The leaves of this plant are used medicinally by 
the natives, the same are boiled and the liquid drunk as tea. 

Var.'mauiensis Rock v. n. suffruticosus erectus, foliis oblongo- 
ovatis acuminatis subcordatis vel truncatis, serrulatis dentibus 
callosis, in petiolos hirsutos 1.5-2.5 cm longos, stipulis triangu- 
latis acuminatis ciliatis; pedunculis hirsutis ex axillis foliorum. 
Capsula 1.5 cm longa; semina nigra ovoidea. 

Habit as before, leaves with hirsute midribs, oblong ovate sub- 
cordate or truncate on hirsute petioles of 1.5-2.5 cm, stipules 
triangular from a broad base, accuminate, ciliate at the margins, 
the hirsute bibracteate peduncles 2-4 cm long one-flowered (never 
two) in the axils of every leaf, calvx hirsute linear lanceolate acu- 
minate, flower buds only observed (petals pinkish) ; capsule 1.5 
cm long, seeds ovoid blackish. 

Maui: Gulches above Makawao slopes of Haleakala, elevation 
3500 feet. (Rock n. 8563, fruiting October, 1910); southern 
slopes of Haleakala in a gulch near Kaupo Gap, elevation 5000 
feet. (Rock n. 8686, fruiting November, 1910). 

Note: Native name “Pamakant’.on Mati: is used medicinall b) 

by the natives. 

Var. Wailenalenae Rock v. n. Stem 1-2 m high, the 
branches as well as the stems hollow; stipules light 
brown, broadly lanceolate, acuminate about 3 cm long 
denticulate or serrate almost to the base; leaves thick, fleshy 
light green underneath darker above 9-10 cm x 3-4 cm ovate 
acuminate at both ends midrib as well as the 4 cm long petioles 
dark purple, serrulate with the base entire; flowers in the axils of 
the upper leaves single or two on a short bibracteate peduncle, 
pedicels 4-5 cm long bibracteolate above the middle ; flowers nod- 
ding, sepals gibbous at the base 1 cm long, petals white not frag- 
rant twice as long as the sepals, the lower one saccate, anthers 
appiculate, all winged, style curved thickening towards the stigma ; 
capsule hirsute when young. 

Kauai: High plateau of Waialeale along Wailenalena stream 
in shady places, elev. 4500 ft., not observed outside the banks of 
the stream. (Rock n. 8852, flowering aud truitine Oct Zia 

V. Helena Forbes var. lanaiensis Rock v. n. caule sufruticoso 
erecto, foliis oblongo-lanceolatis serratis breviter petiolatis, acu- 
minatis, stipulis lanceolatis caudatis, fimbriatis, pedunculis ex 
axillis foliorum bi-bracteatis unifloriferis, petalis puniceis vel albis, 
sepala lanceolata, inferiore insaccato; capsula lanceolata, 12 mm 
longa, semina ovoidea, nigra. 

Caudex erect 3 dm-13 dm long, woody, hollow, foliose at the 
apex, leaves oblong lanceolate, about 1 dm x 12-i8 mm, acuminate 
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at both ends, on somewhat margined petioles of 5 mm serrate with 
callous teeth, bluish purple when young, light green with pellucid 
oil dots when old, stipules lanceolate 1 cm long, caudate fimbriate, 
blackish, with a prominent median nerve; peduncles, bi-bracteate 
1.5 cm with a bi-bracteolate pedicel of 4.5 cm long, bearing a 
single small, pinkish-white flower, sepals lanceolate not saccate. 
Capsule lanceolate 12 mm long, seeds ovoid blackish. 

Lanai: Main ridge of Lanai. Lanai Hale and Haalelepakai, 
in bogy ground, elevation 3200 feet, terrestrial, (Rock n. 8046, 
flower buds and fruiting, July 25, 1910), also above Mauna Lei 
gorge on slopes above waterfall, elevation 2200 feet. 

V. oahuensis Forbes Ocas. pap. B. P. Bishop Mus. IV. n. 3 
(1909), p. 40. 

Oahu: Dense forest on the windward side, Punaluu, back of 
Kaliuwaa, elevation 1800-2000 ft. (Rock n. 10 flowering July, 
1908). (Rock and Forbes n. 359, flowering Nov. 14-21, 1908). 
(Rock n. 371, December 3-14, 1908, flowering, ridge above Ka- 
hana valley). 

Note: This plant was first coliected by the writer in July, 1908, 
and again during November 14-21, when in company with Mr. 
Forbes. 

The plant is little distinct from V. robusta the common form 
on Molokai, it differs mainly in the stipules, which are 2-2.5 cm. 
long in my specimens, the white petals and the much smaller cap- 
sules, otherwise as in l’. robusta. 

V. Chamissoniana Gingins in Linnaea I. (1826) 408 ;—Gray 
U. S. E. Exp. (1854) 86 t. 6;—Walp. Report I., 216;—Mann 
Pmapimbelslaw. Fl (1860) n.12, et FL Flaw. Isl. (1866) 121 ;— 
Hillebr. Fl. Haw. Isl. (1888) 17;—Heller. Pl. Haw. Isl. (1897) 
boven imelides, V. trachelitolia Ging. 1. c. p: 409. 

Molokai: Back of Kamoku camp near Kawela swamps on the 
bank of a stream, elevation 4000 feet. (Rock n. 6113, flowering 
March, 1910), only one plant observed. 

Note: The flowers are large and pink rather than pale pur- 
plish. The native name “Pamakani” applies to this species as well 
as to V. robusta. 

Var. 6 Hillebrand Fl. Haw. Isl. (1888) 17. 

Kauai: Outskirts of the forest below Kaholuamano, elevation 
3000 feet. (Rock n. 2126, flowering and fruiting, March 3-10, 
1909 ; and Oct. 22, 1911, flowering and fruiting). 

Note: Young leaves are covered underneath with a silvery gray 
tomentum, old leaves pubescent. 

Native name of the variety “Olopu” on Kauai. 
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GERANIACEAE. 

Geranium L., Spec. pl. ed. 1, (1753) 676. 
Sect. Neurophyllodes Gray. 

G. arboreum Gray Bot. U. S. E. Exp. (1854) 315, t. 31 ;—H. 
Mann Enum, Haw. Pl. (1866) im. 63, et il. Elaw. Wel leca) ae 
163 ;—Hillebr. Fl. Haw. Isl. (1888) 57. 

Maui: On the slopes of Haleakala, East Maui, in gulches near 
Puuniniau crater, elevation 6000-7000 feet ; (Rock n. 8522, flower- 
Hoe aya! suebuieine Olee,, NON), wae splat: orows in company with 
Ay eyroxyphium virescens, Raillardia platyphylla, Cue: 

Note: The flowers of this species are dark purple, with the 
petals unequal; it is a shrub with long rambling branches which 
are hirsute. 

G. cuneatum Hook Icon. plant. (1840) t. 198;—Gray U. 5. 
EE. Exp. (1854) 312, t. 29;—Mann Enum. Haw. Pl. (1866) n. 
61, et Fl. Haw. Isl. (1866) 162 ;—Hillebr. I'l. Haw. Isl. (1888) 
5 

Hawati: Slopes of Hualalai at an elevation of 6000 feet on a-a 
lava and black cinder (Rock n. 3589 flowering June 9, 1909), in 
company with Ratllardia, Cyathodes, Coprosma ernodeoides, etc. 

Note: The plants from Hualalai, probably the type locality, are 
not bushy but slender, erect 3-6 dm high and not as profusely 
branching as the variety from Mauna Kea; the young branches 
are reddish. 

Var. a. Menziesii Hook. |. c.; Gray 1. c.;—H. Mann Enum. 
aw. il (1866) ne ole en Al an. ist, (1866) 162 -—Hillebra ie 
Haw. Isl. (1888) 55 as synonyms. 

Hawaii: Slopes of Mauna Kea, elevation between 9000-10,000 
feet, above Kemole (Rock n. 8329, flowering June, 1910). 

Note: This variety of G. cuneatum I observed only above Ke- 
mole on the western slopes of Mauna Kea, where it grew in com- 
pany with several species of Raillardia, Coprosma, etc. The plant 
is very bushy and much branching, flowers whitish, leaves green 
on both sides, young branches not reddish as in the species. 

Var. y pauciflorum Hillbd: Fl. Haw. Isl (1888) 55. 
hypoleucum Gray U.S. E. Exp. (1854) 312, t. 29; in part. 

Hawaii: Slopes of Mauna Kea above Waikii, elevation 10,000 
feet. (Rock n. 8345, only one flowering specimen observed, May, 
WOW). ( Wakesmanes? 1a. 6081, Nov., 1909). (Hosmer n. 8700, flower- 
ing August, 1910). 

Note: The plant has the habit of variety a Menziesii but differs 
in the canescent leaves. The flowering period of this variety falls 
in the late summer while the former flowers in May and June. 
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Geranium tridens Hillebr. Fl. Haw. Isl. (1888) 55. G. cunea- 
tum Elook, var. y+ hololeucum Gray.U. S. E. Exp. (1854) 
ote 2? oH, Mann Enum. Haw. Pl. (1866) n. 61, et FIL. 
iaw. lst. (1866) 162. 

Maui: Slopes of Haleakala along the trail leading to the sum- 
mit, elevation 6500-9000 feet. A very common shrub in company 
with Sophora crysophylla, Raillardia Mengziesu, Santalum Hale- 
akalae, etc. (Rock n. 8520 anl 8562, flowering and fruiting Sep- 
romoer tl), and October, 1910), CR. S. Hosmer n. 2620 April 
26, 1909, without flowers and fruits). 

Note: Native name Hinahina. 

Geranium humile Hillebr. Fl. Haw. Isl. (1888) 56.G. cunea- 
ium Hook. var. hypoleucum Gray U. S. E. Exp. (1854) 312 in 
part ;—H. Mann Enum. Haw. PI. (1866) n. 61, et Fl. Haw. Isi. 
(1866) 162. 

Maui: Puu Kukui summit of West Maui, elevation 5/788 feet. 
(Rock & Hammond n. 8147, fiowering and fruiting August 21, 
1910). Puu Kukui is an open flat swamp whose vegetation is 
mainly composed of the following species: Acaena exigua, Lobe- 
ha Gaudichaudu, Viola mautensis, Wilkesia Grayana, Cyathodes 
imbricata var. struthioloides, Lagenophora mauiensis, besides a 
number of grasses and Cyperaceae. 

Note: The large flowers of this species are not pure white as 
described by Hillebr., but have a pink center and purplish veins ; 
usually three on a peduncle. 

Var. kauaiense Rock var. nov. G. cuneatum var. Mrs. Sin- 
eis indie: Fl Elaw. Isl. (1885) t. 35; planta 12 cm alta, 
foliis ovato-cuneatis, subtus argenteo-incanis, super viridibus 
elabris, apice 3-4 dentatis, dentibus callosis rubris, sepalis incanis. 

Whole plant more slender than the species about 12 cm _ high; 
leaves smaller, ovate-cuneate, silky, canescent underneath, gla- 
brous green above, the silkiness on the nerves is entirely wanting 
in the variety, dentate at the apex, with red callous teeth; usually 
5-nerved; flowers smaller, pinkish white, mostly single or 

two on a peduncle, sepals silvery with a reddish border on the 
inner side, styles silvery tomentose up to the bright red stigmatic - 
branches. 

Kauai: Summit of Waialeale, elevation 5000 feet, on moss- 
covered rocks (Rock n. 4931, flowering Sept. 24, 1909, Oct. 20, 
1911). Grows in company with Dubautia watalealae, Sanicula 
sandwicensis var., Lobelia kauaensis, Drosera longifoha, ete. 

Note: The plant differs from the species in its smaller leaves 
which are glabrous above, and have reddish teeth, as well as in its 
styles, the bright red stigmatic branches are thick and not filiform 
as in G. humule. 

Native name “Nohuanu.” 
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ARALIACEAE. 

Tetraplasandra Waialealae Rock sp. nov. 

Arbor 6-8 m alta, ramis fatulis; foliis 30-45 cm longis, foliolis 
5-9 oblongis acuminatis vel obtusis coriaceis, glabris, basi inequila- 
teralibus, 9-14 cm x 4-5 cm, petiolulis 1-3 cm longis; inflores- 
centia wnmbellata composita terminalis; calyce 1-5 enteeauieat 
margine undulato, petalis 5-7 ; stamina numero petalorum quadru- 
pla, 2-seriatis; ovarium 6-loculare; stigmata in stylopodia conica 
5 iano  allita, | 

A tree 6-8 m high with rather spreading branches, leaves 30-45 
cm long; leaflets oblong acuminate, thick coriaceous unevensided 
at the base otherwise rounded ; inflorescence a terminal compound 
umbel of usually 4 peduncles each about from 7-10 cm long, bear- 
ing 6 rays ca. 6 cm long, each bearing an umbellet of 2-5 pedicels 
ca. 2 cm long; calyx tubular purplish black with an undulate 
border; petals 5-7 triangular thick with a prominent median 
nerve, glabrous; stamens in two circles four times as many as 
petals, ovary 6-celled; stigmas on a conical stylopode of 5 mm. — 

Kauai: Summit of Waialeale, elevation 5000 feet, bordering — 
the extensive bog, in company with Dubautia, Pelea Waalealae, 
Suttonia lanceolata, Lobelia kauaensis, Labordea W malealea, etc. 
It grows at the edge of a cliff overlooking the windward side of 
Kauai, as well as along the banks of Kaluiti stream, and at the 
summit proper. (J. F. Rock n. 4902 (young ints) Segre 
1909, and n. 88/0 flowering Oct. 20, 1911; type im Mersaraas 
College of Hawaii). | 
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Tetraplasandra Watalealae. Rock. 
About one half natural size; showing flower buds and open flowers. 
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Tetraplasandra Lanaiensis Rock sp. nov. 

Arbor 5 m alta, prorsus glabra; foliis 30-38 cm longis, foliolis 
5-7, oblongis, obtusis vel breviter acuminatis, basi inequilaterali- 
bus, in petiolulos 1 cm-1.5 cm longos, petiolulo folioliit terminalis 
multo longiore, articulato; inflorescentia ter umbellata in rachem 
communem 2.5 cm longam; calyce ca. 6 mm, margine denticu- 
lato, petalis 5-6 lanceolatis viridi-flavidis, 7 mm longis, stamina 
numero petalorum dupla, ovarium 3-loculare, stigmata sessilis. 

A small tree about 5 m high, branching freely, bark smooth 
writish, glabrous throughout; leaves 30-38 cm long, leaflets 5-7 
oblong, obtuse or bluntly acuminate, unevensided at the base, m.d- 
rib prominent, 8-10 cm x 4-5 cm, dark green above light under- 
neath, the terminal leaflet on a petiolule of 4 cm which is articu- 
late near the blade, the lateral ones on petiolules of 1-1.5 cm, sub- 
coriaceous ; inflorescence thrice umbellate not erect but drooping, 
the 3-5 peduncles on a common rhachis of about 2.5 cm, about 20 
cm long, bearing umbels of 17-21 slender drooping rays of 8-10 
cm, these again umbellate with 7-13 pedicels; calyx tubular ca. 
6 mm with a denticulate border, petals 5-6 lanceolate greenish- 
yellow, 7 mm long, stamens twice as many as petals, ovary 3- 
celled, stigmas sessil. 

Lanai: Dry forehills in Mahana valley, not common, only two 
trees observed, associated with Osmanthus sandwicensis, Suttonia 
Lanaiensis, Sideroxylon spathulatum, Maba sandwicensis, etc. 
(Rock n. 8088 flowering August 2, 1910) ; type in Herbarium Col- 
lege of Hawaii. 



PiateE II, 

Tetraplasandra Lanaiensis Rock. 
Less than half natural size. 
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RUTACEAE. 

Pelea multiflora Rock sp. nov. 

Arbor 10-15 m alta, ramis robustis; folia opposita, 10-20 cm 
x 5-9 cm, petiolata petiolis hirsutis 2-4 cm longis, oblonga, obtusa, 
basi subcordata, supra glabra, subtus tomento olivaceo praesertim 
in nervo mediano prominente induta; inflorescentia hirsuta cymo- 
so-paniculata 10-12 cm longa, flores 10-60; calycis lobi ovati acuti 
petalis longiores, petala et ovaria glabra, capsula glabra qua- 
driloba. 
A tall tree 10-15 m high with very stout branches ; leaves oppo- 

site oblong 10-20 em x 5-9 cm, glabrous above, densely covered 
underneath with an olivaceous tomentum, especially along the pro- 
minent midrib and nerves; marginal nerve wanting ; young leaves 
golden yellow densely hirsute; inflorescence cymosely paniculate 
10-12 cm long, hirsute throughout, with 5-6 nodes, the common 
peduncle 2-3 cm with large lanceolate bracts of 1.5 cm under 
the lower cymose branches of usually 6 cm in length with three 
or four nodes, ultimate pedicels 5 mm long, bearing from 10-60 
flowers, floral bracts subulate enclosing the persistent calyx which 
in turn encloses the 4-valvate petals of 5 mm im #aelsrenule 
flowers; sepals ovate acute hirsute, petals and ovary glabrous; 
capsule glabrous 3 cm each way, carpels parted their entire 
length. 

Maui: Haleakala, lavafields of Auahi, district of Kahikinut, in 
company with Alectryon macrococcus, Pterotropia dipyrena, Bo- 
bea sandwicensis, Alplitoma excelsa, Antidesma pulvinatum, 
etc. (Rock n. 8646 flowering and fruiting Nov., 1910). 



PLATE III. 

oe 

Pelea multiflora Rock. 
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PITTOSPORACEAE. 

Pittosporum halophylum Rock sp. nov. 

Frutex erectus ca 1 m altus, rami robusti: folia conidcea seven 
vel obovata 4-6.5 cm x 2-3 cm, breviter petiolata petiolo 1 cm 
longo, obtusa vel emareginata, basi breviter acuminata, supra gla- 
bra, pallide viridia, subtus flavido-fusco-tomentosa ; inflorescentia 
caulina, sepala oblonga, acuminata, tomento sericeo flavido induta ; 
corollae cremeae tubus 1 cm laciniis 3-polo longior; ovarium hir- 
sutum ; capsula (ignota). 
A small shrub ca 1 m high, with stout branches; leaves ovate 

to obovate, 4 cm-6.5 cm x 2 cm-3.3 cm, obtuse or rounded or emar- 
einate at the apex suddenly tapering into a short petiole of 1 cm, 
pale green above wrinkled with a close areolar network, glabrous, 
covered with a yellowish brown wool underneath, young leaves 
pubescent on both sides; inflorescence cauline immediately under 
the leaves, on a short peduncle of 5 mm; flowers on pedicels of 
5 mm, covered with a fawn colored tomentum, cowie cream 
solorad fragrant, tube 1 cm, petals one third as long; stamens 
two-thirds the length of the abe. anthers oblong ovary hirsute, 

style as long as the tube ; capsule unknown. 
Molckai: Along the beach on the windward side of the island 

within the spray of the sea, between Kalawao and Waikolu, (Rock 
& Nevin n. 6183 flowering March 26, 1910; Nevin flowering Aug. 
14, 1911). This species is exceedingly interesting as it represents 
the only litoral species from the islands; the name P. litorale was 
used at first in the manuscript, but having been anticipated for 
a Philippine species by Merrill, the Greek name is here substituted 
HONE RE, 

a } 



skye 

PLATE IV. 

canna 

Pittosporum halophylum Rock. 
About one half the natural size. 
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SAPOTACEAE. 

Sideroxylon auahiense Rock sp. nov. 

Arbor 8-10 m alta, folia coriacea glabra, folia novella tomen- 
tosa, elliptico-oblonga 8-12 cm longa, 4-6 cm lata petiolis 3-4 cm 
longis; flores solitarii vel 2 ex axillis foliorum; ovarium villosum 
5-loculare, bacca globosa, citrea, apice acuminata, sessilis vel sub- 
sessilis 3.5cm-4.5 cm diam. 
A tree 8-10 m high, with a broad round crown, branches pale 

glaucous, terete ,glabrous; leaves coriaceous pale green glabrous 
on both sides when old, shining ahove, covered with a gray sil- 
very tomentum when young, elliptical oblong, bluntly acuminate 
or rounded, 8-12 cm x 4-6 cm on petioles of 3-4 cm, veins 
parallel leaving midrib at wide angles of about 80° ; flowers sin- 
ele, rarely two in the axilis of the alternate leaves, calyx hirsute 5 
pafted to near the base, the lobes rounded, corolla (7); ovary 
hirsute five celled, style short, berry drupaceous sessil or subsessil 
bright citron yellow smooth globose pointed at the apex, five seed- 
ed 3.5 cm-4-5 cm in diameter, bright yellow inside, fleshy; seeds 
20 mm long by 10 mm wide, enclosed in a thin papery pyrena, 
elongate not flat as in S. rhynchospermum, the thick crustaceous 
testa yellowish with reddish spots, shining; the scar of the raphe 
shorter than the ventral angle; cotyledons as broad and long as 
the albumen the minute radical inferior. 

The tree differs from S. sandwicense mainly in its large bright 
yellow sessil fruits which have the shape of the fruits of the Afri- 
can Mangosteen, in its single flowers, and very pale glabrous 
foliage. | 

Maui: Southern slopes of Haleakala lava fieids at Auahi, dis- 
trict of Kahikinu1, elevation 3000 feet, in company with Alectryon 
macrococcus, Pelea multifiora, Pterotropia dypirena, etc. Side- 
roxylon sandwicense var? is found also at the same place, having 
fruits exactly like S. rhynchospernun:, but seeds as in S. sandwi- 
cense. Sideroxylon spathulatum only recorded from Lanai grows 
also at Auahi, Maui, but 1000 feet or so lower than S. auahiense, 
in company with Chrysophyllum polynesicum. (Rock no. 8668 
iruiting Nov, 1910). ype veer. College oi tlamaire 

The specific name refers to the locality on Haleakala to which 
the tree is peculiar. 
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PUA Vy 

Sideroxylon auahiense Rock. 
‘Less than half natural size. 
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Sideroxylon spathulatum Hbd. 

Flora Haw. Isl. (1888) 277 ;—Drake Del Castillo, Ilust. FI. 
Insul. Maris Pacifici (1892) 228. 

The fruits of this species, which were unknown, were collected 
by the writer in company with Mr. J. G. Hammond on the island 
of Lanai where the tree is quite common. lHollowine isyande= 
scription of the fruits of the above species: 

Fruit a drupaceous berry dark orange colored and glabrous 
when mature, covered with a rufous tomentum when young, 3.5 
em long, by little over 2 cm wide, conical, acuminate at the apex; 
5-seeded, each seed enclosed in a membraneous yellow pyrena, 
20 mm long, 7 mm wide, rounded at both ends, grayish brown, 
rather dull, linear elongate, the raphe occupying almost the whole 
ventral angle. Cotyledons nearly as long and broad as the albu- - 
men, radical about 3 mm long and superior, fruit flesh light yel- 
low. 

Lanai: Common in Mahana and Kaiholena Valley as well as on 
the windward slopes of Lanai in company with Chrysophyllum 
polynesicum, Bobea sandaicensis, Osmanthus, etc. (Rock n. 8039 
flowering and fruiting July 26, 1910%. 

Maui: Southern slopes of Haleakala lava fields of Auahi, Ka- 
hikinui, elevation 2000 feet. (Rock no. 8684 fruiting November, 
1910). In company with Reynoldsia sandwicensis, Antidesma 
pulvinatum, etc. 
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INTRODUCTION. 

About two years ago, Prof. Casimir de Candolle of Geneva, 
Switzerland, was asked to identify a considerable number of 
Hawaiian Peperomias, which the writer had collected under the 
auspices of the Board of Commissioners of Agriculture and 
Forestry of the Territory of Hawaii. In response Prof. De 
Candolle expressed his willingness to undertake the determina- 
tion of the Hawaiian representatives of this difficult genus and 
to publish his findings in a Bulletin of the College of Hawaii. 
The monograph printed on the following pages is the result. 

This monograph includes all of the Hawaiian Peperomias 
previously published, together with the large number of new 
species collected by the writer and those added by Abbé Urbain 
Faurie, who visited these islands in the year 1910 to make 
botanical collections. Fortunately Abbé Faurie sent most of the 
Peperomias of his collection to Prof. De Candolle, but a few 
were published by H. Léveillé. 

Prof. De Candolle has compiled a most excellent key to the 
Hawaiian species, which will greatly facilitate their identification 
by future collectors. We have inserted eight illustrations from 
photographs of co-types, deposited in the Herbarium of the 
Board of Agriculture and Forestry, now in the safe-keeping of 
the College of Hawaii. The types are in the Herbarium of 
Prof. De Candolle, Geneva, Switzerland. 

Prof. De Candolle finds seventy-three species of Peperomias 
in the Hawaiian material already analyzed. In the writer’s opin- 
ion there remain at least twice that number of species yet to be 
discovered in these islands. Owing to their succulency, these 
plants are difficult to prepare for the herbarium and conse- 
quently have been more or less neglected in the past. Any 
collector who will pay particular attention to the Hawaiian 
Peperomias is certain to be well rewarded with new species. 

The Hawaiian rain-forests are full of Peperomias, but they 
are by no means confined to these districts for they also occur 
in very dry situations as, for example, on lava fields in desert 
regions. They are, of course, most numerous in the rain-forests 
and especially at elevations of from 3500 to 5000 feet. 

It may be of interest to note here that the native name for 
all species of Peperomia is Alaalawainus. 

JosepH F. Rock. 
Honolulu, July 2nd, 1913. 





The Hawaiian Peperomias. 

BY 

CASIMIR DE CANDOLLE. 

The diagnoses and determinations contained in the following 
pages are the result of a study of the Hawaiian Peperomias 
collected by Mr. J. F. Rock, which were kindly put at my dis- 
posal, two years ago, by the Board of Agriculture and Forestry 
of Hawaii, and of those which I received at the same time 
from Father Faurie. In order to facilitate future researches on 
the subject, I also give, in this paper, an analytical key including 
all the species hitherto discovered in the Archipelago. 

As Hillebrand*, long ago, pointed out: “the flora of the 
Hawaiian Islands is very peculiar and contains a much larger 
proportion of endemic plants than that of any other country.” 
Indeed, according to him, 75.93% of its Vascular Cryptogams 
and Phanerogams are endemic! 

The striking peculiarity of the Hawaiian flora is well illus- 
trated in the case of Piperaceae. It is highly interesting, for 
instance, to find that although there are many spontaneous 
species of Piper in the Pacific and Malayan Islands, this genus 
has no other representatives in the Hawaiian Archipelago than 
two cultivated and certainly introduced species namely: P. Betle 
L. and P. methysticum Forst., while Peperomias are there ex- 
tremely numerous and nearly all endemic. 

In his Flora of the Hawaiian Islands, published in 1888, 
Hillebrand describes 19 Peperomias. Since then, before under- 
taking the present revision, I had already added to them 5 new 
species while Léveillé had added two. Finally the two collections 
mentioned above have furnished no less than 47. This brings to 
73 the total number of Hawaiian Peperomias actually known, of 
which 67 are endemic. Such a large increase of the number of 
species belonging to the same genus will, at first, seem hardly 
credible, and I must say that it greatly surprised me. But one 
must not forget that all these types are distributed among six 
islands, each of which has, in a great measure, a flora of its own. 
For, again to quote Hillebrandi: “The great majority of endemic 

*Flora of the Hawaiian Islands pp. XV and XVII. 

{ loc. p. XVII, 
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species inhabit a limited area, are confined to a single island or 
portion of it.” 

Only © of the )73 ‘species ‘are not /endemie, )ieseumees 
P. reflexa Dietr., P. leptostachya Hook. and Arnott, P. loncho- 
phylla C. DC., P. blanda Kunth, P. Fernandeziana Mig. and P. 
pallida Dietr. 

P. reflexa, as it is well known, grows in nearly all the inter- 
tropical or sub-tropical countries, so that its presence in the 
Hawaiian Islands cannot suggest anything concerning the enig- 
matical origin of their flora. P. leptostachya, which has been 
found in Savaii, Australia and Japan, as well as P. lonchophylla, 
growing in Savaii, connect that flora with those of the western 
parts, while P. blanda, widely spread in the intertropical coun- 
tries of America, supplies a link between it and the floras of that 
continent. P. Fernandeziana is a species of Juan Fernandez and 
Chile, to which I referred formerly a specimen collected by 
Nuttal in Oahu. But as the plant has not been seen there since, 

‘I now share Hillebrand’s doubts with regard to its presence in 
that island. And I must say as-much of the plant attributed to 
P. pallida by Hooker and Arnott, because their description does 
not at all agree with that of Dietrich. 

The great majority of the Hawaiian species belong to the 
group of Peperomias having verticillate or opposed leaves, or, 
more exactly, of those having leaves apparently so disposed 
owing to a periodic and excessive shortening of the internodes. 
If we exclude P. pallida for the reason alluded to above, we 
find that only 5 species have alternate leaves while everywhere 
else that type is largely predominant. Another fact deserving 
also a special notice is the presence in the Hawaiian Archipelago 
of several species having an ovary with two terminal stigmas, a 
character which occurs only in a very limited number of 
Peperomias inhabiting the American Continent. 

All the measurements and other leaf characters mentioned 
in the following analytical key and diagnoses refer to the leaves 
of the upper part, that is to say, of the flowering part of the 
branches. The width of the leaves is always taken from their 
widest portions. 



Key to the Hawaiian Species. 

1. A single entire and small stigma or no visible stigma. 
2. Leaves in whorls. . 

3. Rhachis glabrous. 
4, Limb glabrous on both surfaces. 

5. Length of limb not exceeding 2 centimeters. 
Limb ovate-elliptic, acute at the base, subacute, 

or obtuse at the apex, up to 2 cm long and 
Hee Vs CRM WARS) es abe ole. 4 6 globulanthera 1 

Limb lanceolate, 1.6 cm long, 0.4-0.6 cm wide 
PBR A aie aA Ie SCR OA Ba ligustrina. 2 

5. Length of limb from 2 to 6 centimeters. 
6. Stigma inserted obliquely, a little below the sum- 

mit of the ovary. 
7. Limb 1-nerved. 

Limb linear-lanceolate, 2-3.8 ecm long, 0.8-1.6 
(Gha0 1 as iQ i5 | uel PASTE BRINE eric es AMS Hesperomannii. 3 

7. Limb 5-nerved. 
Limb subobovate-lanceolate, cuneate at the 

base, up to 3 cm long and 1.1 cm wide. 
Stem and branches flexuose..hawaiensis. 4 

Limb elliptic-lanceolate, about 3 cm long and 
1.2 em wide. Branchlets erect, up to 17 
oo BATT Nez] o MAU PA Pa eh Ane Ts oR peat koolauana. 5 

Limb elliptic-lanceolate, about 4 cm long and 
1.5-2 cm wide. Stem erect, up to 6 dec. 
SEUSS AA ems aR letra cua MND UC membranacea. 6 

7. Limb 5-plinerved. 
Limb elliptic-lanceolate, up to 5.5.cm long and 

2.7 cm wide. Stem erect, about 3 dec. high 
Ney co Sie RUM Wa Maney ANG aura hal gchar gta tO aR nudilimba. 7 

7. Limb penninerved. 
Limb obovate-lanceolate or elliptic-lanceolate, 

up to 6 cm long and 1.5 cm wide. Stem 
erect, 3.5 dec. high........... kauaiensis. 8 

6. Stigma inserted on the summit of the ovary. 
7. Limb 5-plinerved. 

Limb elliptic-lanceolate, 3.2 cm long, 1.1 cm. 
RVR RB Lia lial tapeanla pul ny Soa (2, Hochreutineri. 9 

4. Limb glabrous above, pubescent underneath. 

5. Length of limb not exceeding 2.3 centimeters. 

6. Stigma inserted obliquely, a little below the sum- 
mit of the ovary. 

7. Spikes little longer than the leaves. 
Limb ovate or oblong-ovate, acute or suba- 

cute at the extreme base, subacute at the 
apex, 2.8 cm long, 1.1 cm wide..eekana. 10 
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7. Spikes much longer than the limbs. 
Limb subovate-elliptic, acute at the base, 

obtuse or subacute at the apex, 2 cm long, 
DOTA WEES ee Rc ay a ea kohalana. 26 

6. Stigma inserted on the summit of the ovary. 
Limb elliptic-lanceolate, up to 1.5 cm long and 

Pi CTA WAGES Heo SN Ae ae Cookiana. 11 
5. Length of limb from 3 to 6 centimeters. 

6. Stigmainserted obliquely, alittle below the summit 
of the ovary. 

7. Limb 3-nerved. 
Limb lanceolate, up to 4.5 em long and 1 
CM WIE ON ee Knudsenii. 12 

7. Limb 5-7-nerved. 
Limb obovate-lanceolate or elliptic-lanceolate, 

cuneate at the base, subacute or acuminate 
at the apex, up to 4.5 cm long and 2 cm 
TWAGS ee i ae CR a Penne ie hypoleuca. 13 

Limb obovate-elliptic, acute at the base, 
obtuse at the apex, 3.5-4 cm long, 2.5-38.5 
CT WAG ee Ce are Cl nc ae latifolia. 14 

Limb elliptic-lanceolate, 3.2 em long and 1.7 
Cm Wide (i) Sue Ne ee eee kamoloana. 15 

7. Limb 5-plinerved. 
Limb ovate, acute at the base, sub-obtusely 

attenuate at the apex, 3.2-4 cm long, up to 
2 CIO NVA EO) Rachwoe el ieee maunakeana. 16 

Limb elliptic-lanceolate, acute at both ends, 
up to 5 cm long and 2 cm wide........ 
Byes et atone’: Vey Men UaMe tala Seta ema s emeaa longirama. 17 

6. No visible stigma. 
7. Limb 5-plinerved. 

Limb elliptic-lanceolate, acute at the base, 
subacute at the apex, 5 cm long, 2.5 cm 
VLC ig RON AC Nol Mihara Cc aA Sa astigmata. 18 

6. Stigma inserted on the summit of the ovary. 
Limb ovate-lanceolate, acute at the base, 

obtusely attenuate at the apex, 2.2-3 cm 
long, 1.3-1.8 cm wide...... ellipticibacca. 19 

Limb elliptic-lanceolate, acute at both ends, 5 
cm long, 2-2.5 cm wide....molokaiensis. 20 

5. Length of limb from 7 to 12.5 centimeters. 
6. Stigma inserted obliquely, a little below the sum- 

mit of the ovary. 
7. Stem upwards glabrous or puberulous. Limb 

penninerved. 
Limb elliptic-lanceolate, acute at the base, 

subacute at the apex, 7.9 cm long, 3-6 cm 
yA CG Kc Meee EN By ek: iy US nan Macraeana. 21 

7. Stem upwards densely hirsute. Limb 7-plinerved. 
Limb elliptic-lanceolate, acute at both ends, 

up to 12.5 cm long and 5.7 cm wide.... 
ATLA Honea EAA NAM ar pachycaulis. 22 

4. Limb pubescent only along the nerves on the upper 
surface. 
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6. Stigma inserted on the summit of the ovary. 
Limb elliptic-lanceolate, acute at the base, 

subacute at the apex, 4.5-5.5 cm long, 2-2.5 
CH WESC elivdiare ee eiohsraotar ae psilostigma. 23 

4. Limb pubescent on both surfaces. 
5. Length of limb not exceeding 2 centimeters. 

6. Stigma inserted obliquely, a little below the sum- 
mit of the ovary. 

Limb rounded-ovate, 1.2-2 cm long, 1-1.2 cm 
VG Resins eyes SUES hates bilan elie, a opacilimba. 24 

Limb spathulate, cuneate at the base, rounded 
at the apex, 1.2-2 cm long, 0.6-0.9 cm wide 
EN aNes AEN EIN PEE PALI A 48 Lie 19.6 mauiensis. 25 

Limb subovate-elliptic, acute at the base, 
obtuse or subacute at the apex, about 2 cm 
long and 1 cm wide.......... kohalana. 26 

Limb elliptic-lanceolate, acute at both ends, 
up to 2 cm long and 1 cm wide........... 
notte et RRM REL AUR eae aeS EDL LC a leptostachya. 27 

5. Length of limb from 2.5 to 3.2 centimeters. 
6. Stigma inserted obliquely, a little below the sum- 

mit of the ovary. 
Limb ovate-oblong to lanceolate, 3-nerved, 

1.9-3.2 em long, 0.8-1.4 em wide............. 
ACS PENS ae GL AS a Re ea pleistostachya. 28 

Limb ovate, acute at the extreme base, 
acutely attenuate at the apex, 3-nerved, 
2-24 em lone, 11-16 €m Wide. os. 63.6.5. 
CUNT re ae DSM aS ATR eS refractifolia. 29 

Limb elliptic-lanceolate, acute at both ends, 
3-nerved, up to 2.5 cm long and 0.7 cm 
UC veinnare tater wa Wc Db ec. asperulata. 30 

Limb elliptic-lanceolate, acute at the base, 
subacutely attenuate at the apex, 2.8 cm 
long, 1.1 cm wide........ sate at OAT ANSOR ASEAN Md 
RARE APOE GEeI a RAL Ati a Helleri var. ternifolia. 49 

Limb elliptic, acute at both ends, 3-nerved, up 
to 2.5 em long and 1.5 cm wide........... 
PSUR SG SCAN St BOTUES Ug a sandwicensis. 31 

Limb elliptic-lanceolate, acute at both ends, 
5-nerved, up to 3 cm long and 1.5 cm wide. 
IN LUN AEDS US wen ae leptostachya. 27 

Limb obovate or rounded-obovate, cuneate at 
the base, up to 3 cm long and 1.5 cm wide. 
SMtah cima me Manele vatararot a cual d gra sist S pachyphylla. 32 

Limb ovate, acute at the extreme base, short- 
ly and acutely attenuate at the apex, 5- 
nerved, up to 3 cm long and 2 cm wide.... 
Ky ML PRANS 0 ak TA Pa ee A ovatilimba. 33 

Limb elliptic, acute at the base, rounded or at 
least obtuse at the apex, 7-plinerved, 2-2.5 
cm long, 1.5 cm wide..... expallescens. 34 

5. Length of limb from 3 to 6 centimeters. 
6. Stigma inserted obliquely, a little below the sum- 

mit of the ovary. 
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7. Stigma inconspicuous. 
Limb ovate, acute at the extreme base, 

shortly and acutely attenuate at the apex, 
7-nerved, 3-4 cm long, 1.7-2.5 em wide.... 
RA HES OY Pie MERTEN 1 subnudipetiola. 35 

7. Stigma pilose. 
Limb elliptic-lanceolate, acute at the base, 

shortly and acutely attenuate at the apex, 
up to 4 cm long and 2 cm wide............ 
Need cetacean tg lant ACCT OC flavinerva. 36 

6. Stigma inserted on the summit of the ovary. 
7. Limb 5-7-nerved. 

Limb elliptic, acute at the base, subacute at 
the apex, 4-5 cm long, 1.8-2 cm wide...... 
wie diag Ulta /eh ake Nala aa GO a RSH en a pukooana. 37 

7. Limb 5-plinerved. 
Limb elliptic, acute at the base, shortly and 

subacutely acuminate at the apex, 4-5 cm 
long, 2-2.5 cm wide....... trichostigma. 38 

5. Length of limb 6-17 centimeters. 
6. Stigma inserted obliquely, a little below the sum- 

mit of the ovary. 
7. Limb 5-nerved. Stigma glabrous. 

Limb  elliptic-lanceolate, acute at the base, 
acutely acuminate at the apex, up to 8 cm 
long and 4 cm wide.......... lanaiensis. 39 

7. Limb 5-nerved. Stigma pilose. 
Limb elliptic-lanceolate, acute at the base, 

acutely acuminate at the apex, 5-6 cm long, 
PAP PARES NC CH OTA = tae MeL blanda. 40 

Limb elliptic, acute at both ends, up to 6 cm 
long and 4 cm wide...blanda var. Remyi 

7. Limb 7-plinerved. Stigma inconspicuous. 
Limb elliptic-lanceolate, up to 8 cm long and 

BF TIBI RVG ne LOS a ae nudipetiola. 41 

3. Rhachis pubescent. 

4. Limb + pubescent on both surfaces, at least when young. 
5. Stigma inserted on the summit of the ovary. 

6. Spike densiflorous. 
Limb rounded or rhomboid-elliptic, 0.6-1.2 cm 

long. Berry ovate-oblong....... reflexa. 42 
6. Spike laxiflorous. 

Limb rounded or ovate-obtuse, 0.7-1 cm long. 
Berry subglobose. ............. parvula. 43 

2. Leaves opposite. 
3. Length of limb not exceeding 4 cm. 

4, Limb glabrous on both surfaces; ciliate near the apex. 
5. Stigma inserted obliquely, a little below the summit 

of the ovary. 

6. Stem glabrous. 
Limb ovate-lanceolate, acute at the extreme 

base, shortly and acutely attenuate at the 
apex, 5-nerved, 2-3.5 cm. long, 1.7-8.2 cm 
1 Cs WMA eMac subnudilimba. 44 
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Limb elliptic-subobovate-lanceolate, cuneate at 
the base, subacute at the apex, 5 nerved, up 
to) 3.7 em long and 1.5. em widew. cod... 
SEDER MS UR CHARGER AAT aNCGNAL RAE Gia!" as 9 ail5y nudipeduncula. 45 

6. Stem hirsute. 
Limb ovate-oblong, acute at the apex, 3- 

nerved, 2-2.5 em long, 1.4 cm wide........ 
ENR EE SC Ue Fernandeziana. 46 

4, Limb glabrous above, pubescent underneath. 

5. Stigma inserted obliquely, a little below the summit 
of the ovary. 

Limb rhombo-elliptic or sublanceolate, cuneate 
or obtuse at the base, attenuate or sub- 
obtusely acuminate at the apex, 1.5-2 or 
Spr Gia ONS tated CMM WIE ee a ene ees 
Sieatts te mal dao nete gietaieaTE NT EMS HEIDEN AL At cig insularum. 47 

Limb ovate-elliptic or obovate-rounded; cun- 
eate at the base, obtuse at the apex, 5-7 
nerved, 3.5-4 cm long, 2.5-3.5 cm wide.... 
EUAN stat sat oes ctei N U Deee  a e latifolia. 14 

5. Stigma inserted on the summit of the ovary. 
Limb elliptic, cuneate’ at the base, acute or 

subacute at the apex, 4-5.5 cm long, 2-3 cm 
DALE Nicit its SU cua aaa als! atlas’ day erythroclada. 48 

4, Limb pubescent on both surfaces. 

5. Stigma inserted obliquely and a little below the sum- 
mit of the ovary. 

Limb obovate or rounded-obovate, cuneate at 
the base, 2-3 cm long, 1.8-2 cm wide....... 
BA AM tt ORE ianeY a) ead enacted! ai cis (2 fl pachyphylla. 32 

Limb elliptic-oblong, acute at both ends, 3- 
nerved, about 3 cm long and up to 1.2 cm 
Biles AAC A I UR GR a nO Helleri. 49 

3. Length of limb 5.5-10 centimeters. 

4. Limb glabrous above, pubescent underneath. 

5. Stigma inserted obliquely, a little below the summit 
of the ovary. 

6. Stem and branchlets glabrous or subglabrous. 
Limb obovate, cuneate at the base, obtuse at 

the apex, 5-plinerved, about 8 cm long and 
4 cm wide........ Hee Aaa ahah obovatilimba. 50 

Limb elliptic-lanceolate, acute at both ends, 7- 
plinerved, 9.5 cm long, 3.5 ecm wide....... 
GL UH ana DRG Gate SCM ART ONY subglabricaulis. 51 

5. Stigma inserted on the summit of the ovary. 

6. Stem and branchlets glabrous or subglabrous. 
Limb elliptic-lanceolate or elliptic, acute at the 

base, acutely and long or shortly acuminate 
at the apex, 5.5-7.5 cm long, 2.8-2.5 or 3.2-4.5 
CYPN ANCL A 5 aha ateal'n Mi aNohial Shit gia, wah a disparifolia. 52 

6. Stem and branchlets pubescent, at least upwards. 
Spikes shorter than the limbs. 
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7. Stigma orbicular and ciliate. 
Limb elliptic-obovate, cuneate at the base, 

obtuse or shortly attenuate at the apex, 5- 
plinerved, up to 8 cm long and 4 cm wide 
BSH e Ia lee a Ra Nesta ken Oe ga astrostigma. 53 : 

7. Stigma papillose. 
Limb subobovate-lanceolate, cuneate at the 

base, obtuse or acute at the apex, 7-pliner- 
ved, 7-10 cm long, 4.2-4.7 cm wide ........ 
AINA oar, SUE a cE Cg TE ow TL cornifolia. 54 

4. Limb pubescent on both surfaces, 11-plinerved.. 
Limb ovate-acuminate, rounded at the base, 

acutely acuminate at the apex, up to 7.5 cm 
long and 3 cm wide......... hirtipetiola. 55 

2. Leaves alternate. 

3. Limb glabrous on both surfaces. 
4. Stigma inserted obliquely and a little below the summit 

of the ovary. 
5. Peduncles about as long as the petioles. 

Limb oblong-elliptic, cuneate at the base, 
acute at the apex, 3-nerved, 2.5 cm long, 
O:7-0.8) em wide: ios e.celeeee oahuensis. 56 

Limb elliptic-lanceolate, cuneate at base, acute 
at the apex, 3-4 cm long, 0.8-1 cm wide.... 
Cea elk Meth cee ee SAS en Mn be oahuensis forma b. 

Limb elliptic-lanceolate, cuneate at the base, 
acutely acuminate at the apex, up to 8.5 cm 
long and 1.9 cm wide..... lonchophylla. 57 

5. Penducles much longer than the petioles. 
Limb elliptic-rhomboid, cuneate at the base, 

subobtuse at the apex, 3-5 nerved, up to 6 
cm long and 2 cm wide......... pallida. 58 

3. Limb glabrous above, pubescent underneath. 
4, Stigma inserted obliquely and a little below the summit 

of the ovary. 
Limb rounded or obovate-rounded, 5-nerved, 

about 3.2 cm long and up to 3.7 cm wide 
RAG SL NS aa LAG L? gine, A pe ean dentulibractea. 59 

Limb rhomboid, cuneate at the base, sub- 
obtuse at the apex, 3-5-nerved, 4 cm long, 2 
GA HAVES (Pts vate eite te ace purpurascens. 60 

4. Stigma inserted on the summit of the ovary. 
Limb rounded, 7-nerved, 1.5-2 cm long....... 

Sieh Wee. elta\ ohare Wa eh Ieee Rea erteyte ts fal als ne punaluuna. 61 
1. One bilobulate stigma or two distinct stigmas, lobules and stigmas 

very small, inserted on the summit of the ovary and opposed to 
the rachis. 

2. Leaves in whorls. 
3. Length of limb not exceeding 2.7 centimeters. 

4. Limb glabrous on both surfaces. 
Limb oblong, cuneate at the base, acute at - 

the apex, up to 2.7 cm long and 0.5 cm 
5400 0s nav ERA, abel, Ait Jp es REO Fauriei. 62 

4. Limb pubescent on both surfaces. 
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5. Stigmas fleshy, glabrous. 
Limb obovate, cuneate at the base, up to 2.3 

em lone and’ 1.2 em wide 2.8 ose i ees oes 

5. Stigmas ciliate. 
Limb obovate, cuneate at the base, up to 1.7 

cm long and 0.9 cm wide....mahanana. 64 
3. Length of limb 4-5 centimeters. 

5. Stigmas ciliate. 
Limb oblong-obovate, cuneate at the base, 

rounded or at least obtuse at the apex, 5- 
plinerved, 4-5 cm long 2-2.7 cm wide...... 
eer ad ROOD ERE NAIR Ne CUS rigidolimba. 65 

3. Length of limb 6-17 centimeters. 
4, Limb glabrous on both surfaces, 5-plinerved. 

Limb lanceolate, up to 7.5 cm long and 2 cm 
WUE oles cul ho ei iara eee a uae lal eld ss nervosa. 66 

4. Limb glabrous above, pubescent underneath. 
5. Stem and branches quite glabrous. 

Limb elliptic-lanceolate, cuneate at the base, 
obtusely or acutely acuminate at the apex, 
9-10 cm long, 3.2-4.6 cm wide.............. 
Oey. ob aural ta a eifnpahaugaa: lilifolia forma c. 69 

5. Stem and branches pubescent, at least upwards. 
6. Stigmas glabrous. 

Limb ovate-acuminate, rounded at the base, 
subacutely acuminate at the apex, 5-7- pli- 
nerved, up to 6 cm long and 3 cm wide.... 
Rar LA GE MN NES aah eR Ee, Rockii. 67 

6. Stigmas long ciliate. 
Limb ovate, rounded at the base, acutely 

acuminate at the apex, 7-nerved, 9.7 cm 
long, 5.1 em wide.......... parvanthera. 68 

Limb elliptic-lanceolate, cuneate at the base, 
obtusely or acutely acuminate at the apex, 
up to 9 cm long and 3.5 cm wide........ 
ZS ERS IS WSLS ECHR NGA ol SUM ORR a MERU Ne lilifolia. 69 

4. Limb pubescent on both surfaces, penninerved. 
Limb elliptic-lanceolate, acute at both ends, 

14-17 em long, 5-7 cm wide................ 

2. Leaves opposite. 
3. Limb glabrous on both surfaces. 

Limb elliptic-, or subobovate-lanceolate, 5-pli- 
nerved, about 4 cm long and 2-2.5 cm wide 
PE NALCAC INE neh U ah Ball NS A REI UM pluvigaudens. 71 

3. Limb glabrous above, pubescent underneath. 

Limb ovate, rounded at the base, sub-attenuate 
or obtuse at the apex, 5-nerved, 2.7-3 cm 
long, 1.7-2.4 cm wide...villipeduncula. 72 

3. Limb pubescent on both surfaces. 
Limb ovate-lanceolate, acute at the base, 

acutely acuminate at the apex, penninerved, 
8-10 cm long, 3.2-3.5 cm wide ............. 
My erica an ce an evae las ehiatenval eridy eh ths Carar gia gracilescens. 73 
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1. Peperomia globulanthera C. DC. n. sp. 

Caule ramisque glabris; foliis ternis vel oppositis, modice petio- 

latis; limbo ovato-elliptico basi acuto apice subacuto utrinque glabro 

superne ciliolato 3-nervio, petiolo glabro; pedunculis axillaribus ter- 

minalibusque glabris petiolos superantibus, spicis glabris limbos paullo 

superantibus; bracteae pelta rotunda centro pedicellata; antheris 

globosis quam filamenta multo brevioribus; ovario emerso ovato 

superne attenuato, summo apice stigma globosum pilosum gerente, 

bacca oblongo-ovata glandulis asperulata sine pseudocupula maturitate 

rhachis processu conico sustenta. 

Caulis circiter 40 cm altus fere usque ad 2 mm. crassus in sicco 

lignescens. Folia supera ternata subsequentia opposita. Limbi in 

sicco membranacei creberrime pellucido-punctulati, superi usque ad 

1.5 cm longi et 8 mm lati, subsequentes usque ad 2 cm longi et 1.1 

cm lati. Petioli 5 mm pedunculi 1 cm longi spicae usque ad 2 cm 

longae et 0.5 mm crassae; bracteae pelta paullo ultra 0.5 mm diam.; 

bacca paullo sub 1 mm longa. 

Maui, on the high swampy plateau and along the trail leading to 

Puu Kukui: J. F. Rock. 

2. Peperomia ligustrina Hillebr. FI. p. 425. 

Forma b C. DC. n. f.; limbo longiore 2.2-8 cm longo. 

Maui, in the stream bed of Waikamoi on rocks, submerged, May, 

TOUS OO RO EI. 

3. Peperomia HesSperomannii Wawra in Flora 1875 p. 226: 

Kauai, Mt. Waialeale, 6000 (5080) feet. 

4. Peperomia hawaiensis C. DC. n. sp. 

Caule ramulisque glabris; foliis ternis vel oppositis modice petio- 

latis; limbo obovato-lanceolato basi cuneato apice acute breviter at- 

tenuato, utrinque glabro superne parce ciliolato, 5-nervio nervis 

externis quam alii multo tenuioribus, petiolo glabro; pedunculis 

axillaribus terminalibusque glabris petiolos superantibus;  spicis 

glabris limbos fere triplo superantibus subdensifloris; bracteae pelta 

subelliptico-rotunda paullo supra centrum pedicellata; ovario emerso 

turbinato summo apice stigma papillosulum gerente. 

Caulis inferne repens e nodis radicans in sicco usque ad 2 mm 

_erassus ramulosus superne flexuosus. Folia supera terna, infera 

opposita. Limbi in sicco rigidi pellucido-punctulati, superi usque ad 

2.3 cm longi et 1.1 cm lati, inferi usque ad 3 cm longi et 2 cm lati. 

Petioli 5 mm pedunculi circiter 1 cm longi. Spicae florentes usque 

ad 6 cm longae et 1.5 mm crassae; bracteae pelta 0.5 mm longa 

et fere 0.75 mm lata. 
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Hawaii, Holokaiea gulch rain-forest, 3200 ft: J. F. Rock n. 4424; rain- 

forest of Kohala mountain, 4000 ft: J. F. Rock. 

5. Peperomia koolauana C. DC. n. sp. 

Omnino glabra, foliis ternis oppositisve modice petiolatis; limbo 

elliptico-lanceolato interdum oblique inaequilatero, 5-nervio; pedun- 

culis axillaribus terminalibusque petiolos aequantibus, spicis quam 

folia fere duplo longioribus densifloris filiformibus, bracteae pelta 
orbiculari centro breviter pedicellata; antheris minutis rotundatis 

quam filamenta brevioribus; ovario emerso ovato paullo sub apice 

obtuso stigma globosum oblique gerente. 

Ramuli e caule procumbente erecti circiter 17 cm longi duri 2 mm 

crassi. Limbi in sicco membranacei creberrime pellucido-punctulati 

circiter 3 cm longi et 1.2 cm lati. Petioli circiter 7 mm longi. Spicae 

fere 6 cm longae et 1 mm crassae; bracteae pelta 0.5 mm diam; 

Oahu, Koolau Mts. altid. 2500 ft: J. F. Rock n. 66, 1016. 

6. Peperomia membranacea Hook. et Ar. in Bot. Beech. p. 96. 

Oahu, Beechey. Maui, on the main ridge leading to the highest 

peak Puu Kukui, 5700 ft. swampy forest: J. F. Rock. 

7. Peperomia nudilimba C. DC. n sp. 

Caule ramulisque glabris; foliis ternis-quaternis, modice petiolatis 

glabris; limbo elliptico-lanceolato basi acuto apice obtusiuscule atten- 

uato, 5-plinervio nervo centrali nervos adscendentes utrinque 2 mit- 

tente quorum supremus fere a 5 mm supra basin solutus; pedunculis 

axillaribus terminalibusque glabris petiolos superantibus; spicis gla- 

bris limbos adultos paullo superantibus; bracteae pelta rontunda 

centro pedicellata; antheris ellipticis, thecis filamenta fere aequan- 

tibus; ovario emerso obovato apice obliquo, stigmate inconspicuo, 

Planta erecta 30 cm alta. Caulis apice ramosus, in sicco coriaceus, 

inferne fere 3 mm crassus. Limbi in sicco rigido-membranacei cre- 

berrime pellucido-punctulati, usque ad 5.5 cm longi et 2.7 cm lati, 

nervis in sicco subtus prominulis. Petioli usque ad 1 cm longi. 

Spicae florentes usque ad 6 cm longae et 1.5 mm crassae; bracteae 

pelta paullo ultra 0.5 mm. diam. 

Hawaii, Mts. of Kohala: J. F. Rock. 

8. Peperomia kauaiensis C. DC. n. sp. 

Caule erecto glabro; foliis ternis longiuscule petiolatis glabris; 

limbo obovato-vel-elliptico-lanceolato basi cuneato apice acute at- 

tenuato, penninervio nervo centrali nervos adscendentes' tenues 

utrinque 3 mittente quorum supremus ab 1 cm supra basin solutus; 

pedunculis axillaribus terminalibusque glabris petiolos fere aequanti- 

bus: spicis glabris florentibus quam limbi paullo brevioribus funiculi- 
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formibus densifloris; bracteae pelta rotunda centro pedicellata; an- 

theris ellipticis quam fllamenta longioribus, ovario emerso obovato 

paullo sub apice stigma minutum glabrum gerente. 

Caulis simplex circiter 35 cm longus in sicco coriaceus et com- 

planatus. Limbi in sicco membranacei haud dense pellucido-punctu- 

lati, superi circiter 6 cm longi et 1.5 cm lati, subsequentes usque ad 

7 cm longi et 1.7 cm lati. Petioli 1 cm longi. Spicae florentes 4 cm 

longae, 2 mm crassae; bracteae pelta 0.5 mm diam. 

Kauai, Hanapepe: Faurie n. 100. 

Forma b, limbo minore usque ad 3.5 cm longo et 1 cm lato. Kauai, 

Kauhao, 800 m: Faurie n. 101. 

9. Peperomia Hochreutineri C. DC. in Ann. Cons. bot. 

Gen. vol. XV, XVI, p. 234. 

Kauai, Waimea. 

10. Peperomia eekana C. DC. n. sp. 

Ramis e caule procumbente erectis dense et sat longe hirsutis; 

foliis plerumque ternis modice petiolatis; limbo ovato vel oblongo- 

ovato basi ima obtuso vel subacuto apice subacuto, supra glabro sub- 

tus dense hirsuto, 3-nervio, petiolo dense hirsuto; pedunculis axillari- 

bus terminalibusque haud dense hirsutis petiolos multo superantibus; 

spicis glabris limbos aequantibus vel paullo superantibus, subdensi- 

floris; bracteae pelta rotunda centro subsessili; antheris ellipticis, 

thecis quam filamenta brevioribus; ovario emerso obovato paullulo 

sub apice stigma carnosum glabrum gerente. 

Caulis procumbens, haud dense hirsutis, e nodis radicans, 2 mm 

crassus pili 1 mm longi. lLimbi in sicco subrigidi pellucido-punc- 

tulati, subtus in vivo pallidi in sicco pallide rubiginosi, superi usque 

ad 23 mm longi et 11 mm lati. Petioli superi 3-4 mm, pedunculi 10 

mm longi. Spicae 2.5-3.5 cm longae 1.5 mm crassae; bracteae pelta 

0.5 mm diam. Bacca matura rhachis processus sustenta.—P. hypo- 

leuca, var. montis Eeka Hillebr. FJ. p. 422. 

Maui occcidentali, monte Heka: Hillebr in h. Berol.; Oahu on and 

near the summit of Konahuanui: Heller n. 2248; Koolau Mts.: J. F. 

Rock, n. 10 et 23. 

11. Peperomia Cookiana C. DC. in Prodr. v. XVI, 1. p. 450. 

Maui and Molokai (f. Hillebr. Fl. p. 427.) 

12. Peperomia Knudsenii C. DC. n. sp. 

Caule piloso; foliis ternis breviter petiolatis, limbo lanceolato 

supera glabro subtus piloso, 3-nervio, petiolo dense piloso; pedunculis 

axillaribus terminalibusque petiolos pluries superantibus parce pilosis; 

spicis glabris limbos paullo superantibus subdensifioris; bracteae 
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pelta orbiculari centro pedicellata; antheris rotundatis minutis, 

bacca ovata basi immersa apice oblique rostellata glandulis asperulata. 

Planta ut videtur erecta. Caulis in sicco 1 mm crassus. Limbi 

in sicco firmi supra fusci subtus pallidiores, usque ad 4.5 cm longi et 

1 cm. lati. Petioli 3 mm, pedunculi fere 2 cm longi. Spicae fere 5.5 

cm longae, 1 mm crassae; baccae mucronulus flavicans.—Planta 

verisimiliter a cl. Hillebrand (Flor. p. 421) post Macraeana, ., citata. 

Kava (Kauai?)*: Knudsen in h. Berol. ex. h. Hillbr. 

138. Peperomia hypoleuca Mig. Syst. Pip. p. 136. 

Kauai, Oahu, Maui (f. Hillebr. Fl. p. 422.) Hawaii, forest near 

Kilauea volcano, 4000 ft.: J. F. Rock. 

14, Peperomia latifolia Mig. 1. c. p. 128. 

Kauai, Hanapepe fall: Faurie n. 145.; Oahu, Kalihi: Faurie n. 

146; on Tantalus: Heller n. 2116; Molokai, Pukoo: Faurie n. 144; 

Maui, along Waikamoi ditch trail, in dense forest: J. F. Rock, Halea- 

kala, 1000 m.: Faurie n. 106, 147; Lanai, Mahana valley: J. F. Rock 

n. 8092. 

15. Peperomia kamoloana C. DC. n. sp. 

Caule ramisque haud dense pilosis; foliis ternis modice petiolatis; 

limbo elliptico-lanceolato basi et apice acuto supra glabro subtus sub- 

dense piloso, 5-nervio; petiolo haud dense piloso; pedunculis axillari- 

bus terminalibusque petiolos superantibus parce pilosis; spicis glabris 

folia paullo superantibus densifloris filiformibus; bracteae pelta ro- 

tunda centro longiuscule pedicellata, antheris rotundato-ellipticis quam 

filamenta brevioribus; ovario emerso ovato paullo sub apice obtuso 

stigma papillosulum gerente; bacca ovata superne subattenuata glan- 

dulis albidis asperulata. 

Planta erecta. Caulis ramosus in sicco subrigidus et complanatus 

inferne 2 mm crassus. Limbi in sicco membranacei parce pellucido- 

punctulati, 3.2 cm longi, 1.7 cm lati. Petioli 6 mm. pedunculi 2 cm 

longi. Spicae usque ad 5 cm longae, in sicco sub 1 mm crassae; 

bracteae pelta 0.5 mm diam., bacca paullo longior, sine pseudocupulo. 

Molokai, Kamolo: Faurie n. 124, 

16. Peperomia maunakeana C. DC. n. sp. 

Ramulis junioribus hirtellis; foliis ternis modice petiolatis; limbo 

ovato-lanceolato basi acuto apice obtusiuscule attenuato, supra glabro 

subtus hirtello, 5-plinervio nervo centrali a 5 mm supra basin trifido; 

pedunculis axillaribus terminalibusque petiolos fere aequantibus jun- 

* Unquestionably Kauai, for Knudsen collected only on that island. 

J. F. Rock. 
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ioribus hirtellis; spicis glabris quam limbi paullo brevioribus; 

bracteae pelta rotunda centro pedicellata; antheris rotundato-ellipticis 

quam filamenta adulta sat longa brevioribus; ovario emerso obovato 

paullo sub apice stigma minutum glabrum gerente. 

Planta erecta circiter 30 cm alta. Caulis glaber inferne 6 mm 

crassus. Limbi in sicco rigidi fere pellucido-punctulati, superi 5-4 

cm longi, usque ad 2 cm lati, subsequentes basi rotundati; nervi sub- 

tus prominali. Petioli 0.8-1 cm longi cito fere glabri. Spicae florentes 

2.5 cm longae usque ad 1.5 mm crassae; bracteae pelta 0.5 mm diam. 

Hawaii, Maunakea, 1500 m. Julio: Faurie n. 127. 

17. Peperomia longirama C. DC. n. sp. 

Ramis superne haud dense pilosis; foliis oppositis-ternis modice 

petiolatis; limbo elliptico-lanceolato basi et apice acuto; supra glabro 

subtus hirsuto, 5-plinervio nervo centrali nervos adscendentes 2 mit- 

tente quorum supremus a 0.5-1 cm supra basin solutus, petiolo su- 

perne hirsuto, pedunculis axillaribus terminalibusque petiolos fere 

aequantibus superne parce pilosis; spicis glabris florentibus quam 

limbi paullo brevioribus funiculiformibus densifloris; bracteae pelta 

orbiculari centro pedicellata; antheris ellipticis quam filamenta adulta 

paullo brevioribus; ovario emerso obovato paullo sub apice obtuso 

stigma punctiforme glabrum oblique gerente. 

Caulis glaber in sicco coriaceus usque ad 4 mm crassus, sat longe 

ramosus ramis usque ad 30 cm longis. Limbi in sicco rigido-mem- 

branacei creberrime pellucido-punctulati, superi usque ad 5 em longi 

et 2 cm lati, subsequentes usque ad 6 cm longi et 2.6 cm lati. Pe- 
tioli superi 0.6-1 cm longi. Spicae florentes 3.5 cm longae 1.5 mm 

crassae; bracteae pelta fere 0.5 mm diam. 

Oahu, Koolau Mts. Punaluu Mts: J. F. Rock n. 414, 458. 

18. Peperomia astigmata C. DC. n. sp. 

Plate I. 

Caule superne dense hirsuto; foliis sat longe petiolatis; limbo 

elliptico-lanceolato basi cuneato. apice subacute attenuato supra glabro 

subtus dense hirsuto, 5-plinervio, nervo centrali fere a 5 mm supra 

basin trifido, petiolo dense hirsuto; pedunculis axillaribus terminali- 

busque petiolos fere aequantibus haud dense hirsutis; spicis glabris 

limbos fere aequantibus densifloris; bracteae pelta rotunda centro 

pedicellata; antheris rotundatis quam filamenta longiuscula breviori- 

bus; ovario emerso oblongo-obovato apice rotundato, stigmate nullo. 

Caulis erectus circiter 40 cm longus, in sicco coriaceus usque ad 

5 mm crassus. Folia opposita vel ternata. Limbi in sicco rigido- 

membranacei creberrime pellucido-punctulati, superi 5 cm longi 2.5 
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cm lati, subsequentes usque ad 8 cm longi et 3 cm lati. Petioll 

superi 1 cm subsequentes 1.5 cm longi. Spicae usque ad 5 cm 

longae et 1 mm crassae, bracteae pelta 0.5 mm diam. 

Hawaii, Kohala Mts: J. F. Rock. 

19. Peperomia ellipticibacca C. DC. n. sp. 

Caule ramisque dense hirsutis; foliis ternis modice petiolatis; 

limbo ovato-lanceolato basi acuto apice obtusiuscule attenuato supra 

glabro subtus hirsuto 3-nervio, petiolo dense hirsuto; pedunculis 

axillaribus terminalibusque petiolos multo superantibus hirsutis; 

spicis glabris limbos fere aequantibus densifloris; bracteae pelta ro- 

tunda centro pedicellata; antheris rotundato-ellipticis, quam filamenta 

multo brevioribus; ovario emerso ovato summo apice stigmati fero, 

stigmate rotundo carnoso papillosuloque; bacca elliptica glandulis 

globosis densissime conspersa sine pseudocupula. 

Herba e basi radicante erecta circiter 25 cm alta, caulis inferne 

usque ad 6 mm crassus. Limbi in sicco rigido-membranacei creber- 

rime pellucido-punctulati, superi 2.2-3.5 cm longi et 1.3 cm lati, sub- 

sequentes usque ad 4 cm longi et 2.7 cm lati, inferi obovati basi 

cuneati apice breviter et obtuse attenuati 4.5 em longi 2 cm lati. 

Petioli superi 2-3 mm pedunculi usque ad 1.2 cm longi. Spicae 1 cm 

longae 1.5 mm crassae; bracteae pelta 0.5 mm diam; bacca paullo 

ultra 1 mm longa. 

Oahu, Punaluu: Faurie n. 1381; Koolau: J. F. Rock. n. 457. 

20. Peperomia molokaiensis C. DC. n. sp. 

Caule ramisque gilabris; foliis ternis modice petiolatis, limbo 

elliptico-lanceolato basi acuto apice acute acuminato supra glabro 

subtus piloso, 5-plinervio nervo centrali a fere 1 cm supra basin 

trifido, petiolo glabro; pedunculis axillaribus terminalibusque glabris 

petiolos fere aequantibus, spicis glabris limbos supremos_ fere 

aeguantibus densifloris, bracteae pelta rotunda centro pedicellata, an- 

theris ellipticis, thecis filamenta longiuscula fere aequantibus, ovario 

emerso turbinato summo apice rotundo stigma minutum glabrum 

gerente., 

Caulis erectus, ut videtur circiter 40 cm altus, in sicco coriaceus 

complanatus inferne 4 mm crassus. Limbi in sicco membranacei 

haud crebre pellucido-punctati, supremi circiter 5 cm longi 2-2.5 cm 

lati, subsequentes usque ad 9 cm longi et 3 cm lati. Petioli supremi 

1 cm, subsequentes usque ad 2 cm longi. Spicae florentes 1.5 mm 

crassae, bracteae pelta 0.5 mm diam. 

Molokai, Pukoo, Maio: Faurie n. 128, 
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21. Peperomia Macraeana C. DC. in Journ. bot. 1866. 

p. 145, in Prodr. v. XVI, 1 p. 457. 

Maui and Molokai (f. Hillebr. Fl. p. 421). Hawaii: Macrae (f. 

C. DC. 1. c.). 

22. Peperomia pachycaulis C. DC. n. sp. 

Caule superne dense hirtello inferne crasso et glabro; foliis Op- 

positis-ternis sat longe petiolatis; limbo elliptico-lanceolato basi et 

apice acuto, supra ad nervos et praesertim ad centralem subtus 

ubique et sat dense hirtello, 7-plinervio, nervo centrali nervos ad- 

scendentes utrinque 2 mittente quorum supremus a 3 cm supra basin 

solutus nervo laterali adscendente utrinque a basi soluto, petiolo 

dense hirtello; pedunculis axillaribus terminalibusque dense hirtellis 

petiolos subaequantibus, spicis glabris quam limbi brevioribus densi- 

floris, bracteae pelta rotunda centro pedicellata; antheris rotundato- 

ellipticis, thecis quam filamenta enserta brevioribus; ovario emerso 

obovato paullo sub apice stigma puntiforme et inconspicuum oblique 

gerente. 

Herba ut videtur erecta, circiter 50 cm alta. Caulis simplex in 

sicco coriaceus et complanatus inferne usque ad 1.5 cm crassus. 

Limbi in sicco membranacei e pellucido-punctulati, 10-12.5 cm longi 

et 5.7 cm lati. Petioli circiter 4 cm, pedunculi 1 cm longi. Spicae 

-florentes circiter 4 cm longae et 2 mm crassae in sicco complanatae; 

bracteae pelta 0.5 mm diam. 

Molokai?: Faurie n. 1380. 

23. Peperomia psilostigma. C. DC. n. sp. 

Caule ramulisque glabris; foliis modice petiolatis oppositis vel 

ternis-quaternis; limbo elliptico-lanceolato, basi acuto apice obtusius- 

culo, supra ad nervos haud dense piloso subtus glabro margineque 

superne ciliato, 5-plinervio nervo centrali paullo supra basin trifido, 

nervo laterali adscendente utrinque a basi soluto; petiolo glabro; 

pedunculis axillaribus terminalibusque glabris petiolos adultos fere 

aequantibus, spicis limbos fere aequantibus funiculiformibus densi- 

floris glabris; bracteae, pelta orbiculari centro pedicellata, pedicello 

cum flore rhachi haud profunde immerso; antheris ellipticis fila- 

menta superantibus; ovario obovato summo apice stigmatifero stig- 

mate orbiculari glabro. 

Caules a basi e nodis radicante erecti circiter 40 cm alti, glabri, 

superne verticillatim ramosi, in sicco duri, inferne usque ad 0.4 cm 

crassi. Limbi in sicco rigidi pellucido-punctulati, 4.5-5.5 cm longi 

2-2.5 cm lati. Petioli adulti circiter 1 cm longi. Spicae circiter 2 mm 

crassae; bracteae pelta 0.5 mm diam.—Species P. lanceolatae C. DC. 
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ex Andibus Quitensibus proxima, ramulis glabris spicis multo brev- 

ioribus et crassioribus ab ea discrepans. 

Maui, on the high swampy plateau and along the trail leading to 

Puu Kukui, 7540 ft: J. F. Rock. 

Forma b; limbo in sicco subtus rubrocum nervis flavis; ibid. 

24, Peperomia opacilimba C. DC. n. sp. 

Ramulis junioribus dense hirsutis dein glabris et minute lenticel- 

losis; foliis ternis modice petiolatis; limbo rotundato-ovato utrinque 

et praesertim subtus hirsuto; petiolo juniore dense hirsuto dense sub- 

glabro et minute lenticelloso; pedunculis axillaribus terminalibusque 

parce pilosis petiolos superantibus; spicis glabris limbos fere aequan- 

tibus, filiformibus subdensifloris; bracteae pelta rotunda centro pedi- 

cellata; antheris rotundatis minutis, thecis quam filamenta paullo 

brevioribus; ovario emerso obovato paullo sub apice stigma globosum 

glabrum oblique gerente; bacca obovata apice oblique et obtuse 

apiculata, glandulis asperulata. 

Caulis inferne radicans in sicco lignescens usque ad 4 mm crassus, 

ramuli spiciferi erecti usque ad 10 cm alti. Limbi in sicco coriacei, 

superi usque ad 1.5 cm longi et 1.2 cm lati, subsequentes usque ad 

2 cm longi et 1.2 cm lati. Petioli superi circiter 5 mm, pedunculi 

usque ad 1.2 cm longi. Spicae usque ad 1.7 cm longae fere 1 mm 

crassae; bracteae, pelta 0.5 mm diam.; bacca paullo ultra 0.55 mm 

longa, sessilis. 

Hawaii, Maunakea, 2000 m. Julio: Faurie n. 169. 

25. Peperomia mauiensis Wawra in Flora 1875, p. 225. 

Maui, basi rupium in vallibus; Faurie, n. 103. 

Var. parvifolia Hillebr. Fl. (1888) p. 425. 

Maui, Iao Valley in lacunis seccus torrentes: Faurie n. 110, Maka- 

wao 700 m. n, 102. 

26. Peperomia kohalana. C. DC. n. sp. 

Plate II. 

Caule ramulisque hirsutis; foliis ternis-quaternis modice petiolatis; 

limbo subovato-elliptico, basi ima acuto apice obtuso vel subobtuso 

utrinque hirsuto supra postea subglabro, 3-nervio, petiolo hirsuto; 

pedunculis axillaribus terminalibusque hirsutis petiolos multo super- 

antibus, spicis quam limbi fere triplo longioribus glabris filiformibus 

subdensifloris; bracteae pelta rotunda centro pedicellata, antheris 

rotundatis parvis filamenta fere aequantibus; ovario emerso ovato 

paullo sub apice obtuso stigma globosum glabrum gerente, bacca 

ovata apice obtusa, glandulis asperulata. 

Planta terricola. Rami e caule procumbente radicante 2.5 mm 
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crasso erecti, ramuli spiciferi 1 mm crassi. Limbi in sicco rigidi subopaci 

haud pellucido-punctulati, subtus ad paginam rubescentes vel rubro- 

maculati ad nervas flavescentes, superi circiter 2 cm longi et 1 cm 

lati. caulini subsequentes usque ad 3 cm longi et 1.5 cm lati. Petioli 

4 mm pedunculi 11 mm longi. Spicae 0.75 mm crassae; bracteae 

pelta 0.5 mm diam.; bacca paullo sub 1 mm longa. Species limbis 

subtus partim rubescentis et flavescentes P. flavinervam referens 

sed limbis multo minoribus ellipticis et apice haud acutis ac spicis 

longioribus et stigmate glabro ab ea a leptostachya forma limbi et 

pilis longioribus discrepans. 

Hawaii, Paauhau forest: J. F. Rock n. 4428; dense rain forest 

of Kohala mountain, 4000 ft: J. F. Rock. 

27. Peperomia leptostachya Hook. & Arn. in Beech. Bot. p. 96. (1832) 

Kauai, Koloa: Faurie n. 152; Oahu, Kalihi n. 154; Molokai, Ka- 

molo n. 151, 156, 166. 

Forma carnosior C. DC. n. f. caule carnoso in sicco usque ad 5 mm 

crasso. 

Kauai, along the Hanapepe river near the falls: A. Heller n. 

2570; Oahu: A. Heller n. 2237; Maui, east woods of Hamakua, 4000 

ft: J. F. Rock n. 8541; Nahiku: Faurie n. 121. 

28. Peperomia pleistostachya Hillebrand. FI. p. 427. 

Molokai, pali of Pelekunu: Hillebr. 

29. Peperomia refractifolia Léveillé in Fedde Rep. 

v. X. p. 151 (1912) amend. 

Caulibus ramosis hirsutis; foliis ternis modice petiolatis; limbo 

ovato basi ima acuto apice acuto attenuato utrinque hirsuto, 3-nervio, 

petiolo hirsuto; pedunculis axillaribus terminalibusque haud dense 

hirsutis petiolos superantibus, spicis glabris quam limbi fere triplo 

longioribus densifloris; bracteae pelta orbiculari centro pedicellata; 

antheris ellipticis thecis filamenta superantibus; ovario emerso 

obovato paullo sub apice stigma rotundatum glabrum gerente; ses Ie 

ovata apice breviter et obtuse apiculata. 

Rami a caule radicante divaricantes 1.5 mm crassi in sicco nigri. 

Limbi in sicco rigidi nigri opaci,.2-2.7 cm longi 1-1.6 cm lati. Petioli 

0.6-1 cm pedunculi usque ad 1.5 cm longi. Spicae usque ad 9.5 cm 

longae 1 mm crassae in sicco nigrae; bracteae pelta 0.5 mm diam.; 

bacca 0.75 mm longa. 

Molokai, Pukoo, 800 m., Maio: Faurie n. 183; Hawaii, dense wet 

forest near Kilauea volcano, altid. 4000 ft, July, J. F. Rock; Moonuia- 

hea, slopes of Mt. Hualalai, 6000 ft. on Acacia Koa: n. 4430. 
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30. Peperomia asperulata, C. DC. in Ann. Cons. bot. Gen. 

Vol. XV, XVI, p. 233. 

Kauai, Waimea. 

31. Peperomia sandwicensis Mig. Syst. Pip. p. 126. 

Oahu. 

32. Peperomia pachyphylla Mig. Syst. Pip. p. 137. 

Oahu: Beechey; Molokai (f. Hillebr. Fl. p. 424.) 

33. Peperomia ovatilimba C. DC. n. sp. 

Caule ramulisque dense villosis; foliis ternis modice petiolatis; 

limbo ovato basi ima acuto obtusove apice breviter et acute attenuato, 

supra ad nervos subtus ubique et longiuscule piloso, ciliolato; 5- 

nervio nervis tenuibus; petiolo dense villoso; pedunculis axillaribus 

terminalibusque villosis petiolos superantibus, spicis glabris quam 

limbi usque ad duplo longioribus filiformibus; bracteae pelta orbicu- 

lari centro pedicellata; antheris rotundato-ellipticis, thecis filamenta 

aequantibus; ovario emerso ovato paullo sub apice obtuso stigma 

pilosum cito glabrum oblique gerente; bacca ovata apice oblique et 

brevissime apiculata glandulis dense asperulata. 

Caulis e basi repente erectus?, ramosus circiter 35 cm longus in- 

ferne usque ad 2 mm. crassus. Limbi in sicco membranacei haud 

dense pellucido-punctulati, superi usque ad 3 cm longi et 2 cm. lati. 

Petioli superi usque ad 7 mm, pedunculi adulti 1-1.2 cm _ longi. 

Spicae 1 mm crassae; bracteae pelta 0.5 mm diam.; bacca 0.75 mm 

longa. 

Kauai, Olokele, 1000 m.: Faurie n. 125; Molokai, Pukoo: Faurie 

n. 123, 165; Hawaii, Alakahi Valley, 4300 ft. swampy land: J. F. Rock 

n, 4417, 4419; Mt. Kohala: J. F. Rock: Hilo: Faurie no. 153, 155, 

Forma b; pilis ramulorum et foliorum brevioribus, pedunculis pe- 

tiolos multo superantibus, spicis quam limbi fere triplo, longioribus. 

Lanai, Mahana Valley, leaves reddish: J. F. Rock n. 80938; Maui, 

in woods at Hamakua n. 8583; Hawaii, Waipio Valley: n. 4646. 

Forma c; limbo supra ubique pubescente, usque ad 4 cm longo et 

3.2 cm lato. 

Kauai, Olokele, 600 m: Faurie n. 125; Molokai, Pukoo: n. 123, 

165; Hawaii, forest of Paauhau, altid. 3600 ft: J. F. Rock n. 3253, 

4426, 4429, Alakahi Valley, altid. 4200 ft. n. 4418; Kohala: Faurie n. 

134; Mauna Kea, 2000 m., n. 149. 

34. Peperomia expallescens C. DC. n. sp. 

Caule superne hirsuto inferne glabro; foliis ternis modice petio- 

latis; limbo elliptico basi acuto apice rotundato vel saltem obtuso 
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utrinque et subtus densius piloso, 7-plinervio, nervo centrali nervos 

utrinque 2-mittente nervoque uno utrinque a basi soluto, petiolo hirsuto; 

pedunculis axillaribus terminalibusque hirsutis petiolos fere aequan- 

tibus, spicis glabris folia fere aequantibus bracteae pelta orbiculari 

centro pedicellata pedicello cum flore rhachi leviter immerso; an- 

theris ellipticis, thecis quam filamenta adulta brevioribus, ovario 

obovato paullo sub apice stigma inconspicuum glabrum gerente. 

Caules e basi radicante erecti, inferne circiter 2 mm crassi. 

Limbi carnosi in sicco rigidi opaci pallidi pellucido-punctulati, 2-2.5 

cm longi 1.5 cm lati. Petioli 7 mm, pedunculi 5 mm longi. Spicae 

florentes usque ad 3 cm longae, 1 mm crassae; bracteae pelta 0.5 

mm diam. 

Maui, on the high swampy plateau and along the trail leading to 

Puu Kukui, 5780 ft.: J. F. Rock. 

35. Peperomia subnudipetiola C. DC. n. sp. 

Caule tantum apice et parce piloso; foliis ternis modice petiolatis; 

Limbo ovato basi ima acuto apice breviter et acute attenuato utrinque 

hirsuto, 7-nervio nervis externis quam alii tenuioribus, petiolo superne 

parce piloso; pedunculis axillaribus terminalibusque, petiolos paullo 

superantibus superne parce pilosis, spicis glabris limbos paullo super- 

antibus densifloris; bracteae pelta rotunda centro pedicellata; an- 

theris ellipticis, thecis quam filamenta adulta paullo brevioribus; 

ovario emerso obovato paullo sub apice stigma punctiforme incon- 

spicuum oblique gerente. 

Planta erecta. Caulis ut videtur simplex usque ad 2 mm crassus. 

Limbi in sicco membranacei pellucido-punctulati, 3-4 cm longi 1.7-2.5 

cm lati. Petioli usque ad 1 cm pedunculi usque ad 1.4 cm longi. 

Spicae florentes circiter 5.5 cm longae 2 mm crassae; bracteae pelta 

fere 0.5 mm diam. 

Oahu, Punaluu, 800 m: Faurie n. 129 p- p. et 1131. 

36. Peperomia flavinerva C. DC. n. sp. 

Plate III. 

Caule superne ramisque dense et sat longe hirsutis; foliis ternis 

modice petiolatis, limbo ovato-lanceolato basi acuto apice acute et 

breviter attenuato, supra tantum inferne et praesertim ad nervum 

centralem subtus ubique hirsuto, 5-nervio nervis in sicco flavis; petiolo 

hirsuto; pedunculis axillaribus terminalibusque hirsutis petiolos super- 

antibus, spicis limbos fere aequantibus densifloris glabris; bracteae 

pelta subelliptico-rotunda paullo supra centrum longiuscule pedicel- 

lata; antheris ellipticis filamenta aequantibus; ovario emerso ovato 

paullo sub apice obtuso stigma sat longe pilosum gerente. 

Caules e basi stolonifera erecti usque ad 35 cm longi et 3 mm 
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crassi in sicco tetragono-complanati; pili 1 mm longi. Limbi in sicco 

membranacei pellucido-punctulati, in vivo subtus rubri cum nervis 

flavis, superi usque ad 3 cm longi et 1.5 cm lati, caulini usque ad 4 

cm longi et 2 cm lati. Petioli usque ad 1.2 cm longi. Spicae florentes 

circiter 3 cm longae et 1.55 mm crassae; bracteae pelta 0.75 mm 

longa et paullo angustior. 

Molokai, Pelekunu forest, 4800 ft: J. F. Rock n. 6142, 

37. Peperomia pukooana C. DC. n. sp. 

Caule ramisque dense hirsutis; foliis oppositis modice petiolatis; 

limbo elliptico basi acuto apice subacuto utrinque dense hirtello, 5-7 

nervio, petiolo dense hirtello; pedunculis axillaribus terminalibusque 

hirtellis petiolos superantibus, spicis quam folia paullo longioribus 

glabris funiculiformibus densifioris; bracteae pelta rotunda centro 

pedicellata; antheris ellipticis, thecis filamenta superantibus; ovario 

emerso suboblongo-obovato summo apice stigma sat longe pilosum 

gerente. 

Caulis e basi radicante erectus circiter 20 cm altus, in sicco 

coriaceus inferne usque ad 3 mm crassus, superne breviter ramosus. 

Limbi in sicco membranacei pellucido-punctulati, 4-5 cm longi 1.8-2 

cm lati. Petioli 5 mm, pedunculi usque ad 1.3 cm longi. Spica 

florens usque ad 6 cm longa et paullo ultra 1 mm crassa; bracteae 

pelta 0.5 mm diam. 

Molokai, Pukoo: Faurie n. 120. 

38. Peperomia trichostigma C. DC. n. sp. 

Caule superne ramoso et dense pubescente; foliis oppositis ternis 

modice petiolatis; limbo elliptico basi acuto apice breviter et suba- 

cute acuminato supra prope basin subtus ubique et sat dense pube- 

scente, 5-plinervio nervo centrali paullulo supra basin trifido laterali 

utrinque a basi soluto quam alii multo tenuiore, petiolo pubescento; 

pedunculis axillaribus terminalibusque dense pubescentibus petiolos 

superantibus; spicis glabris filiformibus densifloris quam limbi multo 

longioribus; bracteae pelta rotunda centro pedicellata; antheris 

ellipticis, thecis quam filamenta adulta sat longa brevioribus; ovario 

eMerso ovato summo apice stigma subovatum pilosum gerente. 

Planta terricola ut videtur erecta usque ad 50 cm alta. Caulis 

in sicco lignescens inferne fere glaber et usque ad 4 mm crassus. 

Limbi in sicco firmo-membranacei pellucido-punctulati, 5 cm longi 

et 2-2.5 cm lati. Petioli 6 mm, pedunculi usque ad 1 cm longi. Spicae 

florentes usque ad 7.5 cm longae et 1 mm crassae; bracteae pelta 

0.6 mm diam. 

Maui, on the high swampy plateau and along the trail leading to 

Puu Kukui, 5780 ft: J. F. Rock. 

Forma b; limbo in sicco subtus rubro cum nervis flavis. 
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39. Peperomia lanaiensis C. DC. n. sp. 

Caule hirsuto; foliis ternis modice petiolatis; limbo elliptico-lan- 

ceolato basi acute attenuato apice acute acuminato 5-nervio supra ad 

nervos et inferne ad paginam subtus ubique hirtello, petiolo hirtello; 

pedunculis axillaribus terminalibusque parce puberulis petiolos super- 

antibus; spicis glabris filiformibus subdensifloris limbos fere duplo 

superantibus; bracteae pelta rotunda centro pedicellata; antheris 

ellipticis quam filamenta adulta sat longa brevioribus; ovario emerso 

obovato glandulis consperso, paullo sub apice obtuso stigma minutum 

glabrum oblique gerente; bacca ovata glandulis asperulata apice 

oblique et flavide rostelata. 

Planta erecta circiter 40 cm alta. Caulis simplex vel superne 

parce ramosus inferne 4 mm crassus in sicco lignescens. Limbi in 

sicco membranacei creberrime pellucido-punctulati usque ad 8 cm 

longi et 4 cm lati. Petioli 1 cm pedunculi 2 cm longi. Spicae 1 mm 

crassae; bracteae pelta 0.5 mm diam. bacca fere 0.75 mm. longa, 

sine pseudocupula. Species a/P. blanda Kth. Tantum limbis majori- 

bus pilisque multo brevioribus ac stigmate glabro discrepans. 

Lanai, Mahana Valley, 2000 ft: J. F. Rock n. 8089, 8093 p-p. 

40. Peperomia blanda Kunth Nov. Gen. V. I, p. 67. 

Hawaii, Waipio Valley: J. F. Rock. 

Var. glabrior C. DC. n. var.; Caule glabro, ramulis hirtellis; foliis 

plerumque ternis, limbo elliptico-lanceolato, 4.5-5 cm longo 2.5-3 cm 

lato supra subglabro glabrove subtus hirtello, 5-nervio; spicis usque 

ad 8 cm. longis. 

Oahu, Kalihi: Faurie n. 168, Hawaii, Halawa, n. 114, Kohala, n. 

115. 

Var. Remyi C. DC. n. var. P. Remyi C. DC. in Ann. Cons. bot. 

Gen. 2 me ann. p. 286; limbo magis elliptico, pilis quam in specie 

brevioribus. 

Kauai, on the ridge west of Hanapepe: Heller n. 26388. 

41. Peperomia nudipetiola C. DC. n. sp. 

Caule glabro; foliis ternis oppositisve sat longe petiolatis; limbo 

elliptico-lanceolato basi cuneato apice acute acuminato, supra ad 

nmervos et haud dense subtus ubique et subdense piloso, 7-plinervio 

nervo centrali fere a 1.5 cm supra basin trifido nervis lateralibus 

utrinque 2 a basi solutis quorum caterni aliis multo tenuiores, petiolo 

glabro; pedunculis glabris petiolos aequantibus, spicis glabris quam 

limbi paullo brevioribus funiculiformibus densifloris, bracteae pelta 

rotunda centro pedicellata; antheris ellipticis quam filamenta brevia 

longioribus; ovario emerso obovato superne subcomplanato, stigmate 

inconspicuo. 
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Caulis in sicco coriaceus complanatus, usque ad 4.5 mm crassus. 

Limhbi in sicco firmo-membranacei crebre pellucido-punctulati, usque 

ad 8 cm longi et 4 cm lati. Petioli 1-1.5 cm longi. Spicae florentes 

circiter 6 cm longae et usque ad 2 mm crassae; bracteae pelta 0.5 

mm diam. 7 

Hawaii, Holokaiea Gulch, altid. 3200 ft: rain belt: J. F. Rock, n. 

4423. 

B: microtricha; limbis 5-plinerviis, pilis parvis hyalinis cito de- 

ciduis; pedunculis solitariis vel in apice ramuli binatis ternatisve vel 

usque ad 5 umbellatis squamis fultis. 

Hawaii, Kohala Mts: J. F. Rock. 

42. Peperomia reflexa Dietr. Sp. V-I, p. 180. 

Forma Forsteriana Miq. Syst. Pip. p. 173. 

Kauai, Waimea, 1000 m.: Faurie n. 184; Oahu, Kalihi in rupibus; 

n. 135; Hawaii, Hilo, n. 137. 

Forma parvifolia C. DC. in Prodr. v. XVI, 1, p. 452. 

Kauai, on the ridge opposite Gay & Robinson’s Hanapepe Valley 

house: <A. A. Heller, n. 25384; on Kaholuamano above Waimea, n. 

2481; between Hanapepe and Wahiawa, n. 2077; Maunakea, 2000 m: 

Faurie n. 138; Oahu, Honolulu in arboribus: Faurie n. 139; Lanai, 

Mahana Valley: J. F. Rock, n. 8091; Maui, Haleakala, 1000 m.: 

Faurie, n. 1386; Hawaii: A. A. Heller, n, 2077. 

43, Peperomia parvula Hillebr. FI. p. 626. 

Oahu: Hillebr. 

44, Peperomia subnudilimba C. DC. n. sp. 

Caule et ramulis glabris; foliis oppositis modice petiolatis; limbo 

ovato-elliptico-lanceolato basi ima acuto apice breviter et acuto at- 

tenuato, utrinque glabro apicem versus ciliolato, 5-nervio nervo externo 

utrinque quam alii tenuiore, petiolo glabro; pedunculis glabris petiolos 

multo superantibus, spicis glabris quam limbi paullo longioribus fili- 

formibus; bracteae pelta orbiculari centro pedicellata; antheris ro- 

tundato-ellipticis quam filamenta adulta multo brevioribus; ovario 

emerso obovato paullo sub apice stigma orbiculare glabrum oblique 

gerente; bacca ovata apice oblique apiculata gladulis asperulata. 

Caulis e basi radicante erectus in sicco lignescens usque ad 2.5 

mm crassus. Limbi in sicco membranacei crebre pellucido-punctulati, 

2-3.5 em longi 1.7-2.3 cm lati. Petioli 6 mm pedunculi 1.2-2 cm longi. 

Spicae usque ad 5 cm longae et 1 mm crassae; bracteae pelta 0.75 

mm diam.; bacca 0.55 mm longa. 

Maui, on the high swampy plateau and along the trail leading to 

Puu Kukui, 5780 ft: J. F. Rock. 
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45. Peperomia nudipeduncula C. DC. n. sp. 

Caule ramulisque glabris; foliis oppositis longiuscule petiolatis: 

limbo elliptico-subobovato-lanceolato basi cuneato apice acute acu- 

minato utrinque glabro apicem versus ciliolato, 5-nervio nervis later- 

alibus tenuissimis, petiolo glabro tenui; pedunculis axillaribus ter- 

minalibusque petiolos superos superantibus; spicis glabris florentibus 

limbos fere aequantibus haud densifloris; bracteae pelta obovata 

centro pedicellata, antheris ellipticis quam filamenta sat longa 

brevioribus, ovario emerso obovato apice obliquo, stigmate incon- 

spicuo; bacca obovata sublaevi basi brevissime stipitiformi. 

Caulis erectus in sicco coriaceus et complanatus inferne usque ad 

3 mm crassus. Limbi in sicco rigido-membranacei pellucido-punctu- 

lati, usque ad 3.7 cm longi et 1.5 cm lati. Petioli superi 5 mm sgsub- 

sequentes usque ad 1 cm pedunculi 1 cm longi. Spicae in sicco com- 

planatae 1 mm crassae; bracteae pelta 0.75 mm longa usque ad 0.5 

mm lata; bacca 1.5 mm longa. 

Hawaii, Maio: Faurie n. 167. 

46. Peperomia Fernandeziana Mig. Syst. Pip. p. 139. 

Oahu?: Nuttal. 

47. Peperomia insularum Mig. in Hook. Lond. Journ. bot. v. 

IV. p. 422. 

Oahu: Diell, n. 53. 

48. Peperomia erythroclada C. DC. n. sp. 

Ramis superne dense hirsutis; foliis oppositis modice petiolatis; 

limbo elliptico basi cuneato apice acuto subacutove, supra glabro 

subtus dense hirsuto, 5-plinervio, nervo centrali nervos 2 mittente 

quorum supremus a 3-4 mm. supra basin solutus, petiolo hirsuto; 

pedunculis axillaribus terminalibusque hirsutis petiolos paullo super- 

antibus, spicis glabris florentibus quam limbi paullo brevioribus; 

bracteae pelta rotunda centro pedicellata pedicello cum flore rhachi 

haud profunde immerso; ovario obovato summo apice stigma minu- 

tum gerente. 

Planta circiter 30 cm alta. Caulis inferne glaber in vivo ruber, in 

sicco lignescens usque ad 3 mm crassus. Limbi in sicco mem- 

branacei subopaci pellucido-punctulati in vivo subtus rubri cum nervis 

viridibus, superi 4 cm longi et fere 2 cm lati, subsequentes 5.5 cm 

longi et 3 cm lati. Petioli superi 5 mm, subsequentes 1.5 cm longi. 

Pedunculi fere 9 mm longi. Spicae florentes usque ad 4 cm longae 

et fere 1.5 mm crassae; bracteae pelta paullo ultra 0.75 mm. diam. 

Lanai, Mahana Valley: J. F. Rock, n. 8001. 
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49. Peperomia Helleri C. DC. in Ann. Cons. bot. Gen. 2 me. 

ann. p. 283. 

Kauai, editis ad occidentem fluvii Hanapepe: Heller. 

Var. ternifolia C. DC. n. v.; foliis oppositis-ternis. 

Kauai, Waimea, 1000 m.: Faurie n. 105, 117; forest of Kaholua- 

mano: J. F. Rock n. 1556; A. A. Heller n. 2632. 

50. Peperomia obovatilimba C. DC. n. sp. 

Caule glabro: foliis oppositis sat longe petiolatis; limbo obovato 

basi cuneato apice obtuso supra glabro subtus sat dense piloso, 5- 

plinervio nervo centrali a 1 cm supra basin trifido, petiolo subglabro; 

pedunculis axillaribus glabris quam petioli paullo brevioribus; spicis 

glabris sat crassis quam limbi paullo brevioribus; bracteae pelta ro- 

tunda centro pedicellata; antheris ellipticis quam filamenta adulta 

brevioribus; ovario emerso obovato paullo sub apice obtuso stigma 

minutum glabrum oblique gerente. 

Planta terricola ut videtur erecta. Caulis circiter 20 cm longus 

simplex in sicco coriaceus usque ad 4 mm crassus. Limbi in sicco 

firmo-membranacei creberrime pellucido-punctulati, circiter 8 cm longi 

et 4 cm lati. Petioli 1.8 cm, pedunculi 1 cm longi. Spicae florentes 

6 cm longae, 8 mm crassae; bracteae pelta 0.75 mm diam. 

Maui, along Waikamoi ditch trail, dense rain forest: J. F. Rock. 

51. Peperomia subglabricaulis C. DC. n. sp. 

Caule ramisque tantum apice et parcissime pilosis; foliis oppositis 

modice petiolatis; limbo elliptico-lanceolato basi et apice attenuato et 

acuto supra glabro subtus sat dense piloso, 7-plinervio; nervo centrali 

a 1 ecm supra basin trifido nervis lateralibus adscendentibus utrinque 

2 a basi solutis, petiolo fere glabro; pedunculis axillaribus terminali- 

busque parcissime pilosis quam petioli paullo brevioribus; spicis 

florentibus glabris quam limbi paullo brevioribus densifloris; bracteae 

pelta rotunda centro pedicellata; antheris rotundato- ellipticis, thecis 

adultis quam filamenta enserta brevioribus; ovario emerso obovato 

paullo sub apice stigma inconspicuum glabrum gerente. 

Planta ut videtur erecta circiter 30 cm alta. Caulis in sicco 

subcoriaceus complanatus inferne usque ad 5 mm crassus. Limbi in 

sicco membranacei pellucido-punctulati 9.5 cm longi, 3.5 cm lati. 

Petioli usque ad 1.5 cm longi. Spicae florentes 5.5 cm longae 2 mm 

crassae; bracteae pelta 0.5 mm diam. 

Molokai: Remy n. 189; Oahu, Punaluu, 800 m.: Faurie n. 129, pp. 

52. Peperomia disparifolia C. DC. n. sp. 

Caule ramisque glabris; foliis oppositis sat longe petiolatis; limbo 

elliptico-lanceolato basi acuto apice acute et sat longe acuminato vel 
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elliptico basi acuto apice brevissime et acute acuminato, supra glabro 

subtus hirsuto, 5-plinervio nervo centrali fere a 5 mm supra basin 

trifido; petiolo sat tenui parce piloso; pedunculis axillaribus termina- 

libusque glabris quam petioli multo brevioribus; spicis glabris quam 

limbi brevioribus apice attenuatis densifloris; bracteae pelta ro- 

tunda centro pedicellata, antheris rotundatis filamenta fere aequanti- 

bus; ovario emerso subobovato summo apice stigma longe pilosum 

gerente. 

Caulis ut videtur erectus, ramosus, inferne usque ad 4 mm Crassus, 

in sicco coriaceus et complanatus. Limbi in sicco membranacei 

creberrime pellucido-punctati, superi inaequales, nempe _ elliptico- 

lanceolati 5.5-7.5 cm longi et 2.8-2.5 cm lati, elliptici 3.8-6.5 cm longi 

et 3.2-4.5 cm lati. Petioli 1 cm longi in sicco circiter 1 mm crassi. 

Pedunculi circiter 5 mm longi. Spicae 4 cm longae et inferne 2 mm 

crassae; bracteae pelta 0.5 mm diam.; bacca ignota rhachi processu 

conico sustenta. , 

Oahu, Koolau Mts.: J. F. Rock, n. 413. 

58. Peperomia astrostigma C. DC. n. sp. 

Caule superne hirsuto et cito glabro; foliis sat longe petiolatis; 

limbo elliptico-obovato basi cuneato apice obtuso vel breviter atten- 

uato, supra glabro subtus sat longe hirsuto, 5-plinervio nervo cen- 

trali a fere 5 mm supra basin trifido; petiolo juniore hirsuto; pedun- 

culis axillaribus terminalibusque glabris quam petioli brevioribus; 

spicis glabris quam limbi paullo brevioribus densifloris, sat crassis; 

bracteae pelta obovato-rotunda centro pedicellata; antheris rotundatis 

quam filamenta adulta brevioribus; ovario emerso rotundato-obovato 

summo apice stigma orbiculare ciliatum gerente; bacca elliptica 

glandulis asperata. 

Herba terricola. Caulis inferne e nodis radicans usque ad 4 mm 

crassus, in sicco complanato-tetragonus, coriaceus. Folia opposita. 

Limbi in sicco rigiduli creberrime pellucido-punctulati, usque ad 7 cm 

longi et 4 cm lati. Petioli usque ad 1.7 cm pedunculi usque ad 1 cm 

longi. Spicae carnosae, submaturae 4-6 cm longae 3 mm crassae. 

Bracteae pelta 0.5 mm diam. pedicellus obconicus; filamenta 0.5 mm 

longa. Baccae 1 mm longae sine pseudocupula maturitate rhachis 

processu conico sustentae. 

Maui, along Waikamoi ditch trail in dense forest: J. F. Rock. 

54. Peperomia cornifolia C. DC. n. sp. 

Caule superne ramisque dense et sat longe hirsutis; foliis op- 

positis longiuscule petiolatis, limbo subobovato-lanceolato cuneato 

apice obtuso subacutove, supra glabro subtus piloso, 7-plinervio, nervo 

centrali nervos 2 adscendentes utrinque mittente quorum supremi supra 

medium limbi soluti nervo laterali adscendente utrinque a basi soluto 
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petiolo primum hirsuto, cito glabro pedunculis axillaribus glabris 

quam petioli brevioribus, spicis glabris quam limbi brevioribus, densi- 

floris apice attenuatis; bracteae pelta obovata paullo supra centrum 

pedicellata; ovario emerso ovato summo apice stigma papillosulum 

gerente, bacca elliptica glandulis asperulata. 

Caulis a basi procumbente e nodis radicante glabro 5 mm crasso 

erectus in sicco coriaceus et complanatus. Limbi in sicco subrigidi 

creberrime pellucido-punctati, subtus ad paginam rubescentes ad 

nervos et marginem flavescentes, 7-10 cm longi, 4.2-4.7 cm lati. Petioli 

usque ad 1.5 pedunculi usque ad 5 cm longi. Spicae sparsim bacci- 

ferae usque ad 5 cm longae et inferne 4 mm crassae; bracteae pelta 

fere 0.75 mm longa; bacca 1.5 mm longa, sessilis. 
Hawaii, in dense forest of Kohala mountain, 4000 ft. J. F. Rock. 

55. Peperomia hirtipetiola C. DC. n. sp. 

Caule ramulisque superne sat longe pilosis; foliis oppositis modice 

petiolatis; limbo ovato-acuminato basi rotundato apice acute acum- 

inato, supra sparsim subtus dense piloso, 11-plinervio nervo centrali 

nervos utringue 3 adscendentes mittente quorum supremus fere a 3 

cm supra basin solutus nervisque lateralibus utrinque 2 a basi solutis; 

petiolo dense hirsuto; pedunculis axillaribus terminalibusque hirsutis 

petiolos fere aequantibus; spicis glabris limbos aequantibus vel paullo 

brevioribus funiculiformibus densifloris; bracteae pelta orbicularis 

centro pedicellata pedicello cum flore rhachi haud profunde immerso; 

antheris rotundatis quam filamenta longiuscula brevioribus; ovario 

paullo sub apice oblique et indistincte stigmatifero. 

Herba terricola. Caulis erectus circiter 25 cm altus in sicco 

coriaceus inferne glaber 3.5 mm crassus superne pilosus pilis fere 

1 mm longis. Limbi in sicco membranacei creberrime pellucido- 

punctulati usque ad 7.5 cm longi et 3 cm lati. Petioli 1 cm, pedun- 

culi 8 mm longi. Spicae florentes usque ad 6.5 cm longae et 2 mm 

crassae; bracteae pelta 0.5 mm diam, 

Maui, along Waikamoi ditch trail, dense forest: J. F. Rock. 

56. Peperomia oahuensis C. DC. in Prodr. V. XVI, 1, p. 422, 

Forma b. C. CD. n. f. 

Limbo majore, elliptico-lanceolato, 3-4 cm longo 0.8-1 cm lato; 

spicis quam folia paullo brevioribus, haud densifloris, bacca globosa 

rhachis processu conico sustente glandulis asperulata, 0.5 diam. 

Oahu, Punaluu: Faurie n. 143; Molokai, Pukoo: n. 141; Maui, 

Nahiku, in arboribus n. 140. 

57. Peperomia lonchophylla C. DC. in K. Sch. et Lauterb. 

Fl. D. Schutz, p. 225. 

Oahu, Koolau mts.: J. F. Rock, n. 1015. 



32 

58. Peperomia pallida Dietr. sp. v. 1, p. 153. 

Doubtful in the Hawaiian Islands. (Hillebr. Fl. p. 418.) 

59. Peperomia dentulibractea C. DC. n. sp. 

Caule superne dense hirsuto; foliis modice petiolatis; limbo ro- 

tundato vel obovato-rotundato, supra glabro subtus hirsuto, 5-nervio; 

petiolo hirsuto; pedunculis oppositifoliis hirsutis petiolos fere aequan- 

tibus; spicis glabris folia fere aequantibus; bracteae pelta rotundato- 

obovata inferne obtuse 2-3 dentula centro pedicellata; antheris ellip- 

ticis filamenta aequantibus, ovario emerso obovato paullo sub apice 

oblique stigmatifero stigmate papilloso; bacca ovata glandulis as- 

perata. 

Ramuli spiciferi e basi radicante repente surgentes 2 mm crassi. 

Folia alterna. Limbi in sicco membranacei sparsim  pellucido- 

punctati, circiter 3.2 cm longi, 3.2-3.7 cm lati. Petioli usque ad 12 mm 

longi. Spicae 4 cm longae, 1.5 mm crassae; bracteae pelta 0.5 mm 

longa. Bacca 0.55 mm. longa. 

Molokai, Maunahui gulch, in shady gorge, 3200 ft. March: J. F. 

Rock. n. 6139. 

60. Peperomia purpurascens C. DC. in Prodr. V. XVI. 1, p. 412. 

61. Peperomia punaluuna C. DC. n. sp. 

Caulibus dense hirsutis; foliis alternis modice petiolatis; limbo 

rotundo supra glabro subtus hirsuto, 7-nervio, petiolo hirsuto; pedun- 

culis terminalibus axillaribusque petiolos superantibus hirsutis, spicis 

glabris limbos paullo superantibus adultis haud densifloris; bracteae 

pelta orbiculari margine obtuse et irregulariter denticulata centro 

breviter pedicellata; antheris rotundato-ellipticis, thecis filamenta 

brevia fere aequantibus; ovario obovato summo apice stigma parvum 

papillosulum gerente; bacca obovata inferne gladulis asperulata. 

Caulis e basi radicante erectus usque ad 18 cm longus inferne 

subglaber usque ad 2 mm crassus. Limbi in sicco subcoriacei pellu- 

cido-punctulati, 1.5-2 cm longi, nervis tenuibus inconspicuis. Petioli 

1 cm, pedunculi 1.2 cm longi. Spicae circiter 2 cm longae, 2 mm 

crassae; bracteae pelta 0.5 mm diam.; bacca 1 mm longa. 

Oahu, Punaluu, 800 m., Maio: Faurie n. 159. 

62. Peperomia Fauriei Léveillé in Fedde Rep. X., p. 151, amend. 

Ramulis junioribus hirsutis; foliis quaternis-quinis, limbo anguste 

oblongo basi cuneato apice subacuto juniore supra hirtello adulto 

utringue glabro apice ciliolato glabrove tenuiter 3-nervio, petiolo 

juniore supra hirtello cito glabro; pedunculis terminalibus glabris 

petiolos pluries superantibus; spicis folia subduplo superantibus sub- 

densifloris glabris; bracteae pelta rotunda fere centro pedicellata; 
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antheris ellipticis filamenta fere aequantibus; ovario emerso ovato 

gladulis nigris asperulato summo apice stigmatifero, stigmate bilobo 

lobis antero-posticis rotundatis papillosulis; bacca elliptica glandulis 

nigris parce asperulata apice stigmate apiculata. 

Erecta. Caulis in sicco coriaceus, glaber fere usque ad 5 mm 

crassus superne dichotome ramulosus, ramuli spiciferi circiter 0.55 

mm crassi. Limbi in sicco rigido-membranacei, pellucido-punctulati, 

usque ad 2.6 cm longi et 5 mm lati. Petioli 1.5 mm, pedunculi 1.8 cm 

longi. Spicae bacciferae usque ad 4 cm longae 1 mm crassae; bracteae 

pelta fere 0.5 mm diam.; bacca paullo ultra 0.5 mm longa in sicco 

fuscescens, sessilis sine pseudocupula. 

Molokai, in petrosis rivulorum, Maio: Faurie n. 108. 

68. Peperomia sarcostigma C. DC. n. sp. 

Ramulis dense hirsutis; foliis ternis modice petiolatis; limbo 

obovato basi cuneato, supra inferne ad nervum centralem subtus 

ubique et praesertim ad nervum centralem hirsuto, 3-nervio, petiolo 

hirsuto; pedunculis axillaribus terminalibusque parce pilosis petiolos 

superantibus; spicis glabris limbos paullo superantibus; bracteae 

pelta rotunda centro pedicellata pedicello sat crasso; ovario emerso 

ovato summo apice stigmata 2 rotundata carnosa glabra antero- 

postica. 

Planta muscicola. Caulis prostratus e nodis radicans glaber cir- 

citer 2 mm crassus ramis erectis usque ad 20 cm longis ramulosis. 

Limbi in sicco rigidi creberrime pellucido-punctulati, superi 1.5 cm 

longi, 9 mm lati. Petioli 3 mm, pedunculi 6 mm longi. Spicae floren- 

tes 2 cm longae 1.5 mm crassae; bracteae pelta 0.5 mm diam. 

Maui, on the high swampy plateau and along the trail leading to 

Puu Kukui, 5780 ft.: J. F. Rock. 

64. Peperomia mahanana C. DC. n. sp. 

Ramulis dense hirtellis; foliis quaternis modice petiolatis; limbo 

e basi cuneato obovato utrinque petioloque dense hirtellis,, 3-nervio 

minute pellucido-punctulato; pedunculis terminalibus petiolos pluries 

superantibus; spicis glabris filiformibus densifloris limbos pluries 

superantibus; bracteae pelta rotunda centro pedicellata cum flore 

rhachi inferne immersa; antheris ellipticis filamenta fere aequanti- 

bus; ovario obovato apice et paullo oblique stigmata 2 rotunda ciliata 

gerente; bacca ovata sublaevi apice apiculata. 

Planta arboricola. Rami e caule repente glabro in sicco coriaceo 

2 mm crasso surgentes erecti circiter 12 cm alti inferne glabri superne 

ut ramuli dense hirsuti. Limbi in sicco rigidi opaci, usque ad 1.7 cm 

longi et 1 cm lati. Petioli 4 mm. pedunculi fere usque ad 4 cm longi. 

Spicae usque ad 5 cm longae et 1 mm crassae. Bracteae pelta fere 

0.3 mm diam. Bacca sessilis 0.5 mm longa, apice flavida. 
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Lanai, on the trunk of Aleurites moluccana, in Mahana Valley: 

J. F. Rock, n. 8090. 

65. Peperomia rigidolimba C. DC. n. sp. 

Plate IV. 

Caule ramulisque dense et sat longe hirsutis; foliis plerumque 

ternis breviter petiolatis; limbo oblongo-obovato basi cuneato apice 

rotundato vel saltem obtuso, supra glabro subtus sat dense piloso, 

5-nervio, petiolo sat dense piloso; pedunculis axillaribus glabris 

petiolos fere aequantibus spicis quam limbi paullo brevioribus den- 

sifloris glabris rhachi in sicco rubra; bracteae pelta subelliptico- 

rotunda centro pedicellata; antheris ellipticis, thecis filamenta sat 

longa fere aequantibus; ovario emerso turbinato summo apice stig- 

mata 2 antero-postica rotundata ciliata dein glabra gerente; bacca 

ovato-globosa glandulis asperulata. 

Caulis basi radicans, circiter 30 cm altus in sicco coriaceus et 

atrorubescens, inferne circiter 4 mm crassus. Limbi in sicco rigidi 

subcoriacei crebre pellucido-punctulati subtus rubescentes cum nervis 

flavicantibus, 4-5 cm longi, 2-2.7 cm lati. Petioli 5-6 mm longi. Spicae 

usque ad 4 cm longae et 3 mm crassae; bracteae pelta fere 0.5 mm 

longa et paullo latior; bacca 1 mm longa. 

Hawaii, Mt. Kohala: J. F. Rock. 

66. Peperomia nervosa C. DC. n. sp. 

Plate V. 

Caule ramulisque glabris; foliis ternis axillaribusque adjunctis 

adspectis quinis, modice petiolatis, limbo lanceolato utrinque glabro 

5-plinervio; petiolo glabro; pedunculis axillaribus folia fere aequanti- 

bus fiiliformibus sublaxifloris; bracteae pelta orbiculari centro sub- 

sessili; ovario emerso subgloboso summo apice stigma bilobatum 

gerente lobis antero-posticis rotundatis puberulis. 

Herba erecta. Caulis in sicco coriaceus, ramuli spiciferi circiter 

2.5 mm crassi. Limbi in sicco firmi opaci pellucido-punctulati, usque 

ad 7.5 cm longi et 2 cm lati. Petioli circiter 1 cm longi. Spicae 

florentes 1 mm crassae.—P. Macraeana, y nervosa Hillebr. Flor. p. 

421. 

Kauai, on Kaholuamano above Waimea, Hillebr. in h. Berol; Heller 

n. 2826 in h. Boiss.: J. F. Rock, n, 2502. 

67. Peperomia Rockii C. DC. n. sp. 

Plate VI. 

Caule superne dense hirsuto; foliis oppositis modice petiolatis; 

limbo ovato-acuminato basi rotundato apice subacute acuminato supra 

junior parce piloso et cito glabro subtus dense piloso, 7-plinervio 
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nervo centrali nervos adscendentes utrique 2 mittente quorum su- 

premus a 5 mm supra basin solutus nervo laterali utrinque a basi 

soluto quam alii magis arcuato, petiolo dense hirsuto; pedunculis 

axillaribus terminalibusque hirsutis petiolos fere aequantibus, spicis 

glabris quam limbi brevioribus sat crassis densifloris; bracteae pelta 

obovata supra centrum longiuscule pedicellata, antheris rotundatis 

minutis; ovario emerso ovato summo apice stigmata 2 antero-postica 

rotundata glabra gerente; bacca ovata glandulis densissime con- 

spersa. 

Planta terricola. Caulis ut videtur erectus, teres, circiter 30 cm 

altus, inferne glaber, usque ad 7 mm crassus. Limbi in sicco subrigidi 

creberrime pellucido-punctulati, in sicco supra virescentes subtus 

pallide flavescentes, usque ad 6 cm longi et 3 cm lati. Petioli 1 cm, 

pedunculi 0.8 cm longi. Spicae usque ad 4.5 cm longae 3 mm crassae 

dense bacciferae; bracteae pelta 0.5 mm longa; bacca fere 1.5 mm 

longa. 

Molokai, Kaluaha forest, 2500 ft.: J. F. Rock, n. 7013. 

68. Peperomia parvanthera C. DC. n. sp. 

Caule superne hirsuto; foliis oppositis-ternis sat longe petiolatis; 

limbo ovato basi rotundato apice acute acuminato supra basi ima 

excepta glabro, subtus hirsuto, 7-nervio, petiolo hirsuto; pedunculis 

axillaribus terminalibusque haud dense pilosis quam petioli breviori- 

bus, spicis glabris quam limbi multo brevioribus densifloris; bracteae 

pelta rotundato-obovata supra medium breviter pedicellata; antheris 

minutis ellipticis, thecis filamenta brevia fere aequantibus; ovario 

emerso ovato dense glanduloso, summo apice stigmata 2 antero- 

postica rotundata longe ciliata gerente; bacca subglobosa glandulis 

dense conspersa apice stigmatibus bimucronulata. 

Caulis erectus in sicco coriaceus et complanatus inferne glaber 

usque ad 7 mm crassus. Folia infera opposita supera terna. Limbi in 

sicco membranacei haud dense pellucido-punctati, 9.7 cm longi, 5.1 cm 

lati. Petioli 2 cm, pedunculi 1 cm longi. Spicae 5.5 em longae, in- 

ferne bacciferae 3 mm crassae apice attenuatae; bracteae pelta 0.5 

mm longa; bacca fere 1 mm longa. Stigmata primum glabra dein 

ciliata et postea glabra. 

Molokai, Pukoo: Faurie n. 164. 

69. Peperomia lilifolia C. DC. n sp. 

Plate VII. 

Caule juniore superne piloso cito glabro; foliis oppositis vel fere 

ternis-quaternis, longe petiolatis; limbo elliptico-lanceolato basi cu- 

neato apice obtusiuscule vel acute acuminato, supra glabro subtus 

piloso pilis cito deciduus, 5 plinervio nervo centrali a 2 cm supra 
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basin trifidc; petiolo apice piloso; pedunculis axillaribus terminali- 

‘busque quam petioli multo brevioribus junioribus pilosis cito glabris; 

spicis glabris quam limbi multo brevioribus; bracteae pelta orbi- 

culari centro sat longa pedicellata; antheris ellipticis quam fila- 

menta brevia longioribus; ovario emerso obovato summo apice 

stigmata 2 antero-postica lunulata dense et longe ciliata gerente. 

Planta erecta. Caulis inferne 4 mm crassus ramosus in sicco 

rigidus. Folia supera vel subverticillata et terna-quaterne, caulina 

opposita. Limbi in sicco membranacei pellucido-punctulati, superi 

usque ad 9 ecm longi et 3.3 cm lati, subsequentes usque ad 10.5 cm 

longi et 4.38 cm lati. Petioli 2-2.5 cm, pedunculi 5 mm longi. Spicae 

florentes usque ad 4 cm longae et 2 mm crassae; bracteae pelta 0.5 

mm diam. 

Molokai, forest of Kaluaha: J. F. Rock n. 7012; Hawaii, Kohala: 

J. F. Rock. 

Forma b; caule omnino glabro. 

Molokai: : J. F. Rock n. 7070; Maui, the high swampy plateau and 

along the trail leading to Puu Kukui, 5780 ft.: J. F. Rock. 

Forma c; caule omnino glabro; limbis supra ad nervos et subtus 

ubique pilosis superis 4-5 cm longis 1.5-2.3 cm latis; bacca oblongo- 

elliptica basi brevissime stipitiformi glandulis sphaericis dense 

asperulata, fere 1.5 mm longa. 

Hawaii, forest of Honokananui: J. F. Rock n. 8365; woods above 

Waimea: on. 4422. 

Forma d; caule omnino glabro, limbis supra ad nervos parce 

pilosis subtus glabris, superis 3-5 cm longis 1.5-2.8 em latis; bacca 

oblongo-ovata. 

Hawaii, Kohala Mts.: J. F. Rock. 

70. Peperomia longilimba C. DC. n. sp. 

Plate VIII. 

Caule longe piloso; foliis oppositis vel supremis ternis, longe 

petiolatis; limbo magno elliptico-lanceolato basi et apice acuto utrin- 

que sat longe piloso, penninervio nervo centrali ex paullo ultra % 

_longitudinis suae nervos adscendentes utrinque 5 mittente, petiolo sat 

longe piloso; pedunculis axillaribus terminalibusque, pilosis quam 

petioli multo brevioribus; spicis glabris quam limbi pauHo breviori- 

bus funiculiformibus densifloris; bracteae pelta orbiculari centro sat 

longe pedicellata; antheris ellipticis filamenta fere aequantibus; 

ovario emerso ovato glandulis asperulato, summo apice stigma 

bilobulatum gerente lobulis rotundatis carnosis glabris; bacca elliptica 

apice apiculata glandulis asperulata. . 

Planta terricola. Caulis erectus in sicco coriaceus 4 mm crassus 

pilis fere 2 mm longis. Limbi in sicco membranacei creberrime 
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pellucido-punctulati 14-17 cm longi, 5.7 cm lati. Petioli 3.5-4 cm, pedun- 

culi 1.3 mm longi interdum basi bifidi. Spicae usque ad 11 cm longae 

et 2 mm crassae; bracteae pelta paullo sub 0.5 mm diam.; bacca 1 

mm longa. 

Maui, along Waikamoi ditch trail dense forest: J. F. Rock; 

West forest of Hamakua, north slope of Haleakala 4000 ft. Sept.: 

n. 8506, specimen sterile; Lanai, Mahana Valley; n. 8094, specimen 

sterile. 

71. Peperomia pluvigaudens C. DC. n. sp. 

Caule glabro simplici; foliis oppositis modice petiolatis glabris; 

limbo elliptico-vel-subobovato-lanceolato basi cuneato apice acute attenu- 

ato, 5-plinervio nervo centrali paullo supra basin trifido; pedunculis axil- 

laribus glabris petiolos fere aequantibus apice in spicam incrassatis, 

spicis adultis limbos subaequantibus glabris funiculiformibus densi- 

floris; bracteae pelta adulta subovato-rotunda inferne obtuse et ir- 

regulariter denticulata centro pedicellata; ovario emerso turbinato 

summo apice stigmata 2 antero-postica rotundata ciliata et ciliis cito 

deciduis; bacca subovato-globosa glandulis densissime asperulata. 

Caulis in sicco complanatus coriaceus, usque ad 4 mm crassus. 

Limbi in sicco rigidi creberrime pellucido-punctulati subtus ad 

paginam rubescentes cum nervis flavicantibus, circiter 4 cm longi, 

2-2.5 em lati. Petioli 0.7-1 cm longi. Spicae usque ad 3.5 cm longae 

2 mm crassae; bracteae pelta 0.5 mm diam., bacca fere 1 mm longa, 

sessilis. 

Hawaii, Mt. Kohala, west of Honokananui gulch, dense rain 

forest, 4000 ft.: J. F. Rock n. 8365; Holokaiea gulch, Waimea, 3200 

ft. rain belt: n. 4430. 

72. Peperomia villipeduncula C. DC. n. sp. 

Caulibus ramulisque densissime hirsutis; foliis oppositis modice 

petiolatis; limbo in foliis superis ovato basi rotundato apice subat- 

tenuato obtusoque, supra glabro subtus hirsuto, obscure 5-nervio, 

petiolo dense hirsuto; pedunculis hirsutis petiolos multo superantibus, 

spicis glabris, adultis quam folia duplo brevioribus; bracteae pelta 

orbiculari centro pedicellata; antheris rotundatis minutis quam fila- 

menta multo brevioribus; ovario emerso summo apice stigmata 2 

rotundata ciliata gerente; bacca elliptica glandulis viscidis con- 

spersa. 

Caules e basi radicante erecti usque ad 6 cm longi et inferne fere 

usque ad 2 mm crassi. Limbi in sicco coriacei opaci, 2.7-3 cm longi, 

1.7-2.4 cm lati. Petioli superi 7 mm, pedunculi adulti 1.1 cm longi. 

Spicae adultae 1.5 cm longae, 1 mm crassae; bracteae pelta 0.5 mm 

diam.; bacca matura rhachi processu conico sustenta, 1 mm longa. 

Oahu, Punaluu Mts.: J. F. Rock. 
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73. Peperomia gracilescens. C.DC. n. sp. 

Ramis superna sat longa pilosis; foliis oppositis longa petiolatis; 

limbo ovato-lanceolato basi acuto apice acute acuminato supra sparsim 

subtus sat dense pilosus ciliolato, penninervio nervo centrali nervos 

adscendentes utrinque 5 mittente quorum supremus a medio infimi 

paullo supra basin soluti, petiolo piloso pedunculis axillaribus ter- 

minalibusque pilosis quam petioli brevioribus, spicis glabris quam 

limbi paullo brevioribus funiculiformibus densifloris; bracteae pelta 

orbiculari centro pedicellata, ovario emerso ovato summo apice stigma 

carnosum glabrum b)ilobulatum gerente; bacca elliptica glandulis 

asperulata apice stigmate persistente apiculata. 

Planta terricola. Caulis longe ramosus, rami in sicco duri, usque 

ad 25 ecm longi et 3 mm crassi, pili paullo infra 1 mm longi, limbi 

in sicco membranacei creberrime pellucido-punctulati, 8-10 cm longi 

3.2-3.5 cm lati. Petioli usque ad 1.7 cm, pedunculi usque ad 1 cm 

longi. Spicae usque ad 6.5 cm longae et paullo sub 2 mm crassae; 

bracteae pelta 0.5 mm diam.; bacca fere 1 mm longa. 

Maui, along Waikamoi ditch trail in dense forest, May: J. F. 

Rock; Maui: Remy n. 186. 
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GESNERIACEAE 

Cyrtandra cyaneoides Rock sp. nov. 

Plant subherbaceous, somewhat woody at the base, stem erect, 

not branching, 11-12 dm high, 4 cm in diam., bearing a crown of 

leaves at the apex, not unlike a species of Cyanea; leaves 45-55 cm 

long, including the thick winged petiole, 22.5-825 cm broad, midrib 

fleshy, obovate, rounded at the apex, suddenly narrowing below into 

a margined petiole, the latter 1.5 cm thick, texture of leaves thick 

but coriaceous to fleshy, upper surface deeply rugose, all veins im- 

pressed, dark green, lighter underneath, glabrous, dull, young leaves 

and petioles covered with a light silky brown tomentum, with erose 

margins, young leaves almost fringed. Flowers numerous in sub- 

sessile clusters surrounding the stem and hidden; calyx with prom- 

inent veins, curved, yellowish brown, five cleft, bi-labiate, lower lip 

consisting of two sepals 12 mm long, suddenly narrowing into fili- 

form apices, upper lip of three sepals half as long as lower lip, the 

two outer ones only beaked, all parts covered with a silky brown 
tomentum; corolla enclosed in the calyx, white, 36 mm long includ- 

ing the 25 mm long tube, slightly curved, two upper petals rounded 

and smaller than the three lower which are acute, pubescent; 

stamens adhering in the lower half of the tube, filament 10 mm long; 

style 14 mm long, green, thickening towards the base; stigma flat- 

tened, two lobed, the lobes obtuse, 2 mm long; fruit ovoid (imma- 

ture), calyx deciduous from fruit, on pedicels of 8-10 mm, and cover- 

ed in its young state with a brown tomentum. 

Kauai: Growing on cliffs near streams or waterfalls at an 
elevation of 4000 feet, type no. 2282, College of Hawaii Her- 
barium. Only one specimen observed, collected March 3, 1909, 
Kaholuamano, along trail to Waialae Valley, when in company 
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with Mr. Francis Gay, who gave Mapele as the native name of 
the plant. 

This species is one of the most striking Cyrtandras the writer 
has ever met with in the Hawaiian forests. It resembles a 
Cyanea of the section Palmaeformes, hence the specific name. 

CAMPANULACEAE-LOBELIOIDEAE 

Clermontia montis-Loa Rock sp. nov. 

Plate IX. 

A small tree or shrub, many branched; leaves thick leathery, 

glossy, dark green above, lighter underneath, flowers single or two 

on a very short peduncle; calyx, ovarian portion oblong, green, as 

well as the lobes which are twice as long as, and enclosing the 

corolla; corolla light purplish green, the dorsal slit extending below 

the middle; staminal column dark purple, glabrous, anthers darker, 

glabrous, the two lower penicillate; stigmatic lobes short, with a 

whitish tomentum at the base; berry large, orange-colored, globose 

to ovoid, 25 mm in diam. 

Hawaii: Forests of Naalehu, Kau, southern slopes of Mauna 
Loa, elevation 4000 feet, in dense forest. Collected January 9, 
1912. Type no. 10002 in the College of Hawaii Herbarium. 

This species seems to be intermediate between Cl. macrocarpa 
and Cl. oblongifolia, though quite distinct from either. The 
flowers are much smaller than in either of these species and are 
on very short peduncles of often only 3 mm. 

Clermontia Waimeae Rock sp. n. 

A shrub 3-5 m high, many branched, of the typical Clermontia type; 

branches slender, glabrous; leaves bright green, glossy, subcoriaceous 

to chartaceous, glabrous on both sides, only the young leaves puber- 

ulous underneath, elliptic-lanceolate, acute at both ends, mucronate 

at the apex, crenate to crenulate, callous, covered with a fine im- 

pressed areolar network, midrib reddish, 10-15 cm long, 2-3.5 cm wide, 

on petioles of 2.5-3.5 cm; cyme 3-5 flowered, puberulous, axillary, 

the common peduncle 2-8 cm, pedicels 10-15 mm, bibracteolate at or 

below the middle; ovarian portion of calyx subglobose, 6-8 mm in 

diam., the lobes linear-lanceolate recurved, acute, 5-8 mm long, puber- 

ulous, corolla purple, slender, slightly curved, somewhat pubescent, 

3-4 cm long, 3-4 mm wide, deeply lobed more than half the length of 

the corolla, the lobes linear-lanceolate, acute, the dorsal slit not al- 

ways extending to the base, but often only beyond the middle; stam- 

inal column glabrous, anthers entirely glabrous, the lower ones bearded 
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only; fruits dark orange yellow, globose with truncate apex and per- 

sistent calycine lobes. 

Hawaii: Dense swampy forests above Waimea Willade Park- 
er Ranch, elevation 4000 feet. Coll. J. F. Rock, July 12, 1909. 
Type no. 4794. the Herbarium Board of Agric. & For. Hawaii. 
An exceedingly handsome species, related to Cl. parviflora 

Gaud. but differing from it in the short calycine lobes, long 
slender corolla, which is much larger, and the subcoriaceous 
elliptic-lanceolate leaves, which remind one of those of Cl. per- 
sicaefolia Gaud. 

It may be remarked that this species, together with Cl. lepto- 
clada, Cl. parviflora, Cl. parviflora var. calycina, and var. plei- 
antha seem all more or less related and should form a section by 
themselves. There are a number of other varieties not yet 
described which would also fall into this group. The close re- 
lationship of these plants is unmistakable; it however contradicts 
Hillebrand’s sectional arrangement. 

It may be remarked that the species published by H. Léveillé 
in Fedde Repertorium X.10/14 (1911) 156 under the name 
Cyanea Blin Lévl. sp. n. collected by Abbé Faurie, no. 575, 
May, 1909, at Glenwood, near Hilo, Hawaii, of which the writer 
possesses a co-type, is Clermontia parviflora Gaud. £6 var. 
pleiantha Hbd. 

Elcciontia Kohalae Rock 

var. robusta Rock var. nov. 

' A small tree or shrub, branches exceedingly stout, woody to the 

last ramification, bark thick corky and covered with numerous thick 

knobby leaf-scars; leaves smaller than in the species and on much 

shorter petioles, densely crowded at the apex of each branchlet; in- 

florescence the same as in the species, flowers thicker and more 

fleshy, the cymes in the axils of the uppermost leaves and not all 

along thé stem as in the species. 

Hawaii: Mountains of Kohala, along stream beds and near 
waterfalls at an elevation of 1500 feet, back of Kohala proper. 
Coll. J. F. Rock July 1910; type no. 8811 in the Board of Agri- 
culture and Forestry Herbarium. 

This variety is one of the most robust Clermontia known to 
the writer. 

Cyanea communis Rock sp. n. 

Plant single stemmed, erect, not branching, fleshy, but woody to- 

wards the base, hirsute in the upper portion, 4-16 dm high, leaves 

pale green, ovate-oblong, acuminate at both ends, chartaceous, irre 
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gularly serrate to dentate with the exception of the base proper, 

glabrous or slightly hispidulous above, pubescent underneath or only 

along the prominent veins and midrib, young leaves hirsute on both 

faces, 10-20 cm long, 3-5 cm wide, on hirsute petioles of 2.5-6 cm; 

racemes arranged all along the naked stem and in the axils of the 

leaves; peduncle 1.5-3 cm, hirsute, occasionally with foliaceous 

bracts, or naked, or with a few knobby scars at the end, 3-7 flowered, 

pedicels slender, hirsute, 6-12 mm; calyx ovoid, puberulous, the lobes 

one third its length, acute, triangular; corolla pale purple to pink, 

slightly curved, tomentulose, 30 mm long, 4 mm wide, very thin, the 

dorsal slit extending only one third its length, or even less, the lobes 

unequal, linear; staminal column glabrous as are the bluish anthers; 

fruit ovoid to globose, dark orange colored 10-16 mm in diameter, 

crowned by the calycine lobes; seeds smooth, shining, reddish brown. 

Kauai: In the forests at Kaholuamano, above Waimea; the 
most common Cyanea. The plant is absent at Halemanu which 
latter locality is separated from the former by the Waimea 
canyon. The plant is terrestrial and does not branch like C. hirtella, 
which is common at Halemanu and is a branching shrub 20 feet 
in height. Cyanea communis was also observed by the writer 
on the high central plateau and at the summit of Kauai, Mt. 
Waialeale, the only Cyanea present on that mountain. It was 
found growing on trees, thickly covered with moss. It ranges 
from an altitude of 4000 to 5000 feet. Coll. J. F. Rock; Sept. 
1909, no. 4885, which is the type in the Board of Agric. and 
Forestry Herbarium, no. 5942, Waialae Valley, and Octob. 1911, 
no. 8865, Kaholuamano, fruiting only. The plant flowers in 
the early part of the summer. There is a fruiting specimen of 
this species in the Gray Herbarium, collected by A. A. Heller, 
Aug. 30, 1895, no. 2769, from the type locality. 

The plant is quite different from C. hirtella, which the writer 
had occasion to compare with C. communis growing in the field. 
It is undoubtedly related to C. Mirtella, but differs from it in 
the smaller, very pale flowers, in the arrangement of the racemes, 
and in the much smaller leaves which are of entirely different 
shape. However, the species described would form a marked 
group with C. jurtella, C. fissa, C. recta, and C. sylvestris. 

Hillebrand says that C. recta (which he had not seen) seems 
to border on var 8 of C. angustifolia. The writer had oppor- 
tunity to examine Wawra’s type through the courtesy of Prof. 
Dr. A. Zahlbruckner of Vienna and must state that C. recta is a 
very distinct species and has no resemblance to any variety of 
C. angustifolia. 



43 

Cyanea wailauensis Rock sp. n. 

Plant erect, 1.5 m high, not branching, stem fleshy, but woody at 

the base, unarmed and covered in its upper portion with leaf-scars, 

with a crown of leaves at the apex; leaves chartaceous when dry, 

somewhat fleshy when fresh, pale green, dull and glabrous above, 

with prominent veins and impressed midrib, obovate-oblong, cuspi- 

date to acute at the apex, gradually narrowing at the base, some- 

what wavy and eroso-dentate at the margin, puberulous underneath, 

30-40 cm long, 10-18 cm wide on petioles of 4-8 cm, young leaves 

hispid; racemes arranged along the upper portion of the stem, some- 

what similar to Cyanea acuminata, peduncle thick, densely studded 

with large close knobby scars of a pale color almost from the base, 

about 4 cm long, 6-8 flowered at the apex, peduncle hirsute as are the 

linear bracts; pedicels 1 cm long, hispid; calyx hispidulous to hirsute, 

the ovarian portion 10 mm, the linear oblong lobes 15-18 mm, free 

to the base; corolla of a dirty white, the tube 22-25 mm, hirsute as 

are the unequal lobes, the dorsal slit extending 2/5 its length; 

staminal column dark purple, glabrous, the lower anthers bearded, 

stigma surrounded at its base by a tuft of small, white hairs; fruit 

unknown; but calyx-lobes persistent with fruit as is evidenced from 

very young fruits. 

Molokai: Valley of Wailau; at the bottom of the valley at 
1000 feet elevation, near the head of Wailau, along the stream- 
bed among dense vegetation of ferns, Cyanea grimesiana, Anti- 
desma platyphyllum, Musa sapientum, etc. Coll. J. F. Rock, 
April 1910, type no. 8812 in College of Hawaii Herbarium. 

The plant comes nearest to C. solenocalyx Hbd., but differs 
from it in the often cuspidate leaves, thick peduncle with dense 
knobby scars and the very short white flowers, which are almost 
hidden in the calyx. 

Cyanea macrostegia Hbd. 

var. parvibracteata Rock var. nov. 

Plate X. 

Leaves large, 45-64 cm by 7-14 cm, coriaceous, scabrous above, 

dull pubescent underneath, margin irregularly notched or laciniform, 

broadly oblong in outline; peduncle 4-6 cm, fleshy, bracteate at the 

apex, bracts linear-subulate 5 by 1 mm; pedicels 15 mm, apparently — 

naked; calyx pubescent, the ovarian portion obconical, the lobes as 

in var. Q; corolla dark purple, pubescent as in var. @Q; berry ovoid, 

dark yellowish, 25-30 mm by 18-27 mm, crowned by the calycine 

lobes. 

Maui: Northwest slopes of Mt. Haleakala, East Maui, along 
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the trail leading from Ukulele to Waikamoi, elevation 5000 
feet, flowering March 1912, Rock and Ceresole no. 10057; fruit- 
ing May 1911, northern slopes of Haleakala along’ a stream 
above Nahiku, elevation 3500 feet, Rock no. 8792, in the Her- 
barium of the College of Hawaii. 

Rollandia purpurellifolia Rock sp. n. 

Plant 3-5 dm high with fleshy stem, unbranched, unarmed and per- 

fectly glabrous; leaves subsessile or on petioles of 5-8 mm, linear- 

oblong, 16-35 cm long, 3.5-6.5 cm wide, dull, dark green above, dark 

purple underneath and shining, perfectly glabrous on both sides, 

acute or obtuse at the apex, with irregularly denticulate margins, but 

the last third entire, inflorescence perfectly glabrous, axillary, pe- 

duncles slender, with few knobby scars, 15-25 mm long, bracteate at 

the apex, pedicels slender, blackish-purple, 12-20 mm long, bi-bracteo- 

late below the middle; flowers unknown; fruits dark purple to black, 

obovoid, crowned with the 4-6 mm long, acute calycine lobes, 15-18 

mm long when mature. 

Oahu: dense forests of Punaluu Mts., at the summit ridge 
above Hauula in dense shade with Lystmachia longisepala and 
numerous ferns, etc. 

A striking species with dark purple leaves. Coll. J. F. Rock, 
Aug. 1908 and August, 1911; type no. 8824 in the Herbarium 
of the Board of Agriculture and Forestry, Honolulu. 

The plant comes nearest to FR. longiflora Wawra. 

Rollandia truncata Rock sp. n. 

A low plant 3-4 dm high with fleshy muricate stem; leaves large, 

chartaceous, broadly obovate-oblong, acute at the apex, decidedly 

truncate at the base with perhaps a slight indication of becoming 

subcordate, pale green, glabrous above, with here and there, especially 

on the veins, a few minute conical spines, 40-42 cm long, 18-20 cm 

wide, puberulous underneath, on muricate petioles of 14 cm; racemes 

axillary, slender, 5.5 cm long, bracteate from the base, hispidulous, 

the number of bracts increasing towards the apex, whole inflores- 

cense rather broadly contracted, the lower flowers mature, while 

the apical ones occur as minute buds; pedicels single in the axils of 

each bract, long, slender, 22-26 mm long, bi-bracteolate at or below 

the middle, pubescent; calyx 10 mm long, the ovarian portion obconi- 

cal, the lobes as long as the tube, 5 mm, broadly obtuse; corolla 

pale purplish-pink, slender, very thin puberulous in the bud, glabrous 

when open, slightly curved, or almost straight, the dorsal slit ex- 

tending to the middle, staminal column only at the very base adnate 
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to the corolla, often hardly noticeably so, glabrous, pale; anthers 

bluish, glabrous, the two lower bearded. 

Oahu: Mountains of Punaluu, Punaluu Valley trail, 1000 
feet elevation in company with Cyrtandra, Scaevola, Acacia Koa, 
etc. Coll. J. F. Rock Aug. 1911, type no. 8840 in the herbarium 
of the Board of Agriculture and Forestry which is in the safe- 
keeping of the College of Hawaii. 

This exceedingly interesting plant seems to furnish almost the 
intermediate between the genera Rollandia and Cyanea. In the 
former genus the dorsal slit extends to the middle while in the 
latter beyond the middle; the staminal column in this species is 
only at the very base adnate to the corolla, appearing almost 
free, a fact which brings it very near to Cyanea; in the out- 
ward aspect it is however a typical Rollandia. 

TREMATOLOBELIA Zahlbr. in lit. 

Syn. Trematocarpus A. Zahlbr. in Ann, Mus. Vindob. VI. 3|4 (1891) 
430 fig. 1. 

Calycis tubus sub anthera adnatus, subglobosus, limbus 5-partibus; 

corolla arcuata, decidua, tubo dorso a basi fisso, limbi lobis incurvis 

inaequalibus, 2 majoribus altius liber, rectus, tubo corollae multo 

longior; antherae 2 minores vertice penicillatae, 3 majores glabrae; 

ovarium inferum, 2-loculare, placentis ®#—ovulatis. Capsula infera, 

lignosa, vertice clausa et umbonata, lateraliter inter costas praesertim 

versus basim foraminibus ovalibus aut rotundatis dehiscens. Semina 

parva, pressione mutua marginata. Embryo rectus, radicula juncta 

hilum, lobis rotundatis planis; ex Zahlbr. Ann. 1. ¢c. p. 

The genus Trematolobelia consists of a single species and two 
varieties. The latter are new and described here in the follow- 
ing pages. 

Trematolobelia macrostachys A. Zahlbr. 

Plates XI and XII. 

Syn.: Trematocarpus macrostachys A. Zahlbr. in Ann. Mus. Vin- 

dob, VI. 3/4 (1891) 432.—Lobelia macrostachys Hook. et Arn. Bot. 

Beech. Voy. (1832) 88; DC. Prodr. VII. (1838) 387;—-Wawra in Flora 

(1873) 48;—Hbd. Fl. Haw. Isl. (1888) 238.—Delissea? macrostachys 

Pres] Prodr. Lobel. (1836) 47. For reference to discussion on 

Trematocarpus see Ann. cf Bot. VII. (1893) 289 and 397. 

In a letter received from Dr. A. Zahlbruckner the writer’s 
attention was called to the controversy in regard to the genus 
Trematocarpus. The writer, who has had ample opportunity to 
study this plant in all its stages in the field and that on all the 
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islands of the Hawaiian group, can only corroborate Dr. Zahl- 
bruckner’s conclusions. As is known, the plant flowers the last 
year of its life, and perfectly mature fruiting specimens, of which 
the epicarp had decayed, were observed by the writer in the 
Hawaiian forests. All capsules had the peculiar holes, which are 
very numerous and of different sizes and shapes, becoming larger 
at the base of the capsule. Mr. Botting Hemsley suggested that 
these holes may have been the work of insects in the herbarium 
and that Zahlbruckner had monstrous capsules. This the writer 
can absolutely prove to be not the case as is shown in the 
accompanying illustration. (Plate XI). He can also verify that 
the apex of the capsule is always indehiscent and that even after 
pressure had been applied it remained unopened, the carpidia 
had however become separated from the ligneous capsular wall, 
were torn, and the capsules were empty. All this was observed 
in the field and not from specimens preserved in an herbarium 
for sixty years or more as was the case with Dr. Stapf’s speci- 
mens. 

The flowering habit of this beautiful plant is also different 
from that of the other Hawaiian Lobelia, as the accompanying 
illustration (plate XII) shows. 

~Trematolobelia macrostachys Zahlbr. var. grandifolia Rock var. n. 

Plant erect, branching as in the species; stem dark reddish, leaves 

large, obovate-oblong, subentire or faintly crenulate with callous 

glands, pale green, midrib dark, blackish, acute or obtuse at the apex, 

gradually narrowing at the base into broad, margined petioles of 2-5 

cm, 26-30 cm long, 5-7 cm broad; racemes longer than in the species, 

robust 50-60 cm long, bracts broad, foliaceous; calyx twice as large 

as in the species, corolla not of even width, somewhat sigmoid, pure 

white, broader and longer than in the species. 

Hawaii: Mountains of Kohala, along the edge of Kawainui 
gorge, 4400 feet elevation. Coll. flowering Oct. 1909, R. S. Hos- 
mer; type no. 6090 in Board of Agriculture and Forestry (Col- 
lege of Hawaii) Herbarium. 

var. Kauaiensis Rock 

Syn.: Lobelia macrostachys H. et A. var. Kauaiensis Rock in Indig. 

Trees Haw. Isl. (1913) 77 nom. nud. 

Plant much smaller than the species, stems black; leaves linear 

oblong, acuminate at both ends, dark green, glossy with red veins, 

midrib and callous glands, 16 cm long, 3 cm wide; racemes short, 

24-34 cm long, flowers very strongly arched, the apex returning to 

the level of the base, of a scarlet red; otherwise as in the species. 
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Kauai: Summit of Mt. Waialeale, elevation 5200 feet, in the 
open flat swamps in company with Lobelia kauaiensis, Tetrapla- 
sandra Waialealae, Geranium humile var. Kauatense, etc. Also 
along Kailiili and Kaluiti streams and near Keaku cave; flower- 
meen i20) 1911) Coll, J) FF. Rock: type in the College of 
Hawaii Herbarium, no. 8877. 
A very handsome plant and quite conspicuous by its bright red 

flowers, dark green leaves, with red venation. 

Lobelia Gaudichaudii DC. 

var. longibracteata Rock var. n. in Indig. Trees Haw. Isl. (1913) 78 

nom, nud. 

Plant 3-5 m high, branching candelabra like into 5-7 erect ascend- 

ing branches, leaves as in species though longer; racemes larger and 

longer, and covered throughout with a viscous exudation; peduncles 

about 6 cm long; calyx as in the species, the calycine lobes linear 

lanceolate, acuminate, 3.5 cm long, 5 mm wide, reaching about to 

the middle of the corolla, bracts linear lanceolate, 60-80 mm long; 

6-10 mm wide, reddish, acuminate, minutely denticulate near the 

apex; corolla as in the species. 

This variety is at once distinguished from the species in its 
branching habit, and larger size, but mainly in the long racemes 
with their long, linear-lanceolate, acuminate bracts, and long 
calycine lobes. One of the handsomest Hawaiian Lobelias. 
Maui: On the highest point of West Maui on the very edge 

overlooking Iao Valley, 5700 feet elevation, in company with 
Clermontia grandiflora, Pelea, etc. Coll. flowering, Aug. 1910, 
Rock and Hammond; type no. 8818 in College of Hawaii Her- 
barium. 
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Remarks on certain Hawaiian plants described by H. Léveillé 
in Fedde Repertorium X. 10/14 (1911) 156-157. 

Cyanea Fauriet Lévl. (no. 565 Faurie.) This species is identi- 
cal with Cyanea coriacea Gray; at first sight it appears to be re- 
lated to C. comata Hbd. Gray’s specimens had young and not 
fully developed racemes which accounts for the description giv- 
ing the length as 3 inches. The writer has abundant material 
with racemes of varying length from 7 to 22 cm. 

Clermontia Fauriet Lévl. (no. 578 Faurie.) This is a very 
young branch of Clermontia Gaudichaudu, the only representa- 
tive of the genus Clermontia found on Kauai. Owing to its be- 
ing from a young specimen the leaves appear very thin and pale 
green. 

H. Léveillé certainly confused many Hawaiian plants; some 
cases are really unpardonable and ridiculous. The common 
nyctaginaceous Pisonia Brunomana, of which he had fine fruit- 
ing specimens, he labeled Labordea, and our Pisonia sandwicensis 
Hbd., he describes in Fedde Repertorium as a new species under 
the name of Labordea Fauriet Lévl., saying a ceteris speciebus 
diversa; this is certainly true, for a nyctaginaceous plant must 
certainly differ from a loganiaceous one. 

One very unpardonable mistake he made was in describing the 
well known Hibiscus schizopetalus, which is cultivated all over 
the tropics and is a common garden plant in Honolulu as Hibis- 
cus Fauriei Lévl., sp. n. 

Besides this, he describes as new species ordinary road weeds, 
as for example a world-wide Crepis, as Crepis molokaensis Lévl. 
sp. n. 

Suttonia molokaensis Lévl., (no. 435 Faurie). This plant is 
not a Suttonia at all but a variety of the sapotaceous Szder- 
oxylon spathulatum Hld., described by the writer in his Indig. 
Trees Haw. Isl., page 392. 

Metrosideros Fedde: Lévl. (no. 25 Faurie). This is Heller’s 
Nania tremuloides, now Metrosideros tremuloides (Heller) Rock. 

Labordea Fauriei Lévl. (no. 713 Faurie) Identical with the 
nyctaginaceous Pisonia sandwicensis Hbd. now Rockia sand- 
wicensis (Hbd.) Heimerl. 

Viola sandwicensis Lévl. (no. 1 Faurie). 

The fragment of a plant bearing the above name is at once 
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recognizable as a Cyrtandra. It is indeed surprising to find a 
Cyrtandra described as a new species of Violet. The larger 
portion of every number of Fedde’s Repertorium consists of 
Decades plantarum novarum by H. Léveillé, which have reached 
now the number CXXIV with 1240 new species. If all are of 
the same nature as his descriptions of new Hawaiian plants, most 
certainly there will be an appalling synonomy and a chaos which 
will take much longer to straighten out than it took H. Léveillé to 
create. 

All the numbers mentioned are in the possession of the Her- 
barium of the College of Hawaii. They were bought from Abbé 
Faurie. 

oP ROCK, 
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Plate VI. 69, Peperomia lilifolia C.DC. n. sp. 



Plate nvr 70. Peperomia longilimba C.DC. n. sp. 



I eice 0X... Clermontia montis Loa Rock. 
Natural size. 
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Place Xx. Cyanea macrcstegia Hbd. var. parvibracteata Rock. 
One-half natural size. 
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late Del. Trematolobelia macrostachys Zahlbr. 
Showing portions of fruiting racemes perfectly mature. 





Pilani DOU Trematolobelia macrostachys Zahlbr. 
Typical Oahu specimen in flower, about one-fifth natural size. 
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ABOVE: Stages in the development of nymph of the giant dragon- 
fly, Anax junius. (a) Youngest stage; (b), (c) and (d) older stages, 
showing gradual development of the wings. (Slightly enlarged after 
Needham.) 

BELOW: Original photograph showing adult dragonfly which 
has just emerged from nymph case; natural size. 



AP'16 

NMS 2; 

FOOD HABITS OF HAWAIIAN 
DRAGON-FLIES 

BY 

ALFRED WARREN 

From time immemorial the dragonfly has been an object both 
of fear and wonder. It was feared by the masses, who believed it 
to inflict severe pain upon both man and beast. It was admired | 
by the student of nature for its grace and beauty and for its 
perfect adaptation to its mode of life, in both the nymphal and 

adult stages. That this creature of the air, harmless to all 

larger beings, but certainly fatal to most winged insects, was 

popularly and universally feared and that its habits were not 

generally well known, which is true in some localities even at 

the present day, can be gathered from the lst of terrible names 
that each nation possessed and still apphes to it. In our own 

tongue we find such names as Darning-needles, Bad-man’s- 

needle, Devil’s Darning-needle, Snake-doctor and Horse- 
stinger. But when it is borne in mind that these insects are 

all, as far as is known, predaceous throughout the nymphal 

and adult stages, that in the younger stages they feed on 

aquatic creatures, and that the adults devour any creature 

on wings that they are capable of mastering, the name dragon- 
fly seems, perhaps, the most appropriate. 

General Distribution. 

The order Odonata, to which the dragonfly belongs, is wide- 
~ ly distributed and includes many species. The greater num- 

ber of species are found in tropical and sub-tropical regions, 

yet great numbers may be found in ‘suitable localities in the 
temperate zone. Already some two thousand species have been 

described in different parts of the world and as new species 
- are constantly being added to the list it may be safe to say that 

from five thousand to ten thousand species are in existence. 

The most widely distributed of these species is the yellow 

dragonfly, Pantala flavescens Fabr., which is the species most 
common in Hawaii. Specimens of this species have been taken 
in: almost every part of the world. 
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Since the dragonflies are so abundant and so widely distrib- 

uted it follows that their feeding habits are likely to be of eco- 
nomic importance everywhere that they occur. Insect preda- 

tors which are so common must devour great numbers of other 
insects. Are the insects thus consumed the enemies or the 
friends of man? 

Although a great deal has been written about the dragon- 

flies, yet practically all of this literature bears on systematic, 
anatomical and biological studies. Dr. Ris* makes the follow- 
ing remark concerning the literature on dragonflies: ‘*The 
knowledge of anatomy and biology of the Odonata as well as 

the systematic works on this group of insects as a whole, can 
be considered as being very far advaneced.’’ In spite of this 
great literature on the dragonfly, we find that no extensive 
investigations have been carried on for the purpose of ascer- 
taining what really constitutes the food of these predaceous 
insects and what economic relation they hold to the other in- 

sects. In the available literature, there could be found only 

two articles referring to the food of the dragonfly, and these 

references are limited to a few paragraphs. In one article 
Poulton** lists sixteen specimens of dragonfly which were 
caught in the act of seizing their prey, the species of the victim 
being identified in nearty all cases. The same author also 
records’ finding certain insect groups represented in the stom- 

ach contents and excreta of the dragonfly. Since so little has 

been published on this subject, any additional data on the 
food habits of the dragonfly obtained through observation or 
dissection of the alimentary canal, should be of interest. 

Object of Study. 

The object of taking up the study of the food habits of the 
dragonflies of these islands was to obtain some definite data 
as to what constitutes the food of this important group of in- 
sects and at the same timé to gain some idea as to the economie 
relation it holds to the local insect fauna, which is so markedly 

different from that of any other country. Taking into consid- 
eration the small number of species of a great many families or 
even larger groups of insects, and the total absence of «ntire 
orders, whose members, in other countries, furnish, it is be- 

* “Zoologische Jahrbuecher, Systematik” 9, 596. 
** “Trans., Ent. Soc. London,” 1906, 399 et seq. 

§ “Journal, Bombay Natural History Society,” 20; 1910, 236-238. 
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lieved, the bulk of the food of the younger stages of the dragon- 
fly, the study of the food of this group of insects under Hawat- 
lan conditions becomes an extremely interesting one. 

Life History of Pantala Flavescens. 

In order to understand the food habits of the dragonfly one 
must first be acquainted with the insect’s life history, for its 
food habits differ in the different stages of its development. 
The life of the dragonflies may be divided into three periods: 
The egg, the nymph or growing stage, and the adult or mature 
stage. As far as can be ascertained the life history of the Ha- 

walian dragonflies has not been worked out in detail. It may 
therefore be of interest to give here the results of some breed- 
ing experiments with the Pantala from egg to adult. 

Egg Stage.—The eggs are whitish, later becoming yellow, 
subspherical bodies, about 1/5 mm. by 1/3 mm. in size. They 
are laid singly, or a few at a time, by the female as, flying close 
over a body of water, she strikes the tip of her abdomen on the 
surface. The eggs are laid wherever there is water in the 

_ open, from a small mud-puddle in the street to a large stream 
or pond. 

The eggs for carrying out the breeding experiments were 

secured by catching female dragonflies in the act of oviposit- 

ing, and collecting in a glass those eggs which were laid in 

large masses. The number of eggs thus obtained varied from 
fifty to several hundred. In one case 816 were collected in this 
way from a single female. Hach batch was placed separately 
in a small Petri dish filled with water. They hatched in from 

five to seven days. 

Nymph Stage.—The newly hatched nymph is about 2/3 mm. 
long. Its first activity is to moult almost immediately after 
hatching, increasing its length by a fraction of a millimeter. 
It is then ready to start out on its life-long hunt for food, 
which is in all cases animal life. 

The following method was used in rearing the nymphs: 

After hatching, individual nymphs were placed in a separate 

Petri dish. The precaution of separating the nymphs had to 
be taken on account of their cannibalistic proclivities. They 
were fed on newly hatched mosquito larvae until about the 

third or fourth moult, when they were transferred to larger 
Petri dishes. In these dishes they were fed on larger mosquito 

larvae, and allowed to stay till about the sixth moult; they 
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were then placed in jelly glasses, kept there usually until the 
ninth moult, and finally transferred either to a larger glass jar 
or a small tank. The nymphs not segregated were left in the 
original Petri dishes as a reserve supply to replace any of the 
individuals selected for rearing, in case these should die, as it 

was found that the nymphs are very delicate in their younger 

stages. 

The nymphs constituting the reserve supply were given no 
outside food, but were allowed to feed on their fellows; this 
procedure was followed principally to find out how far their 

cannibalistic tendency, if given a chance, would be manifest 
in the early stages. Often out of a lot of from 200 to 400 eggs, 

most of which hatched, there would be left at the end of two 
weeks but five or six nymphs to tell the woeful tale of canni- 
balism. These survivors were used in the feeding experiments 
as detailed elsewhere. 

Table I gives an account of four nymphs that were success- 
fully carried through from egg to adult. 

TABLE I. SHOWING THE LIFE HISTORY OF FOUR SPECIMENS 

PANTALA FLAVESCENS FABR. 

Duration of the various stages 
of each of the 4 individuals 

Stages observed 

of —_—______+________—__——_| Average | Average 
Development | No. 1 No. 2 No. 3 No. 4 Time Length 

(Fem.) | (Fem.) | (Male) | (Male) 

Days Days Days Days Days mm. 

Kgg Incuba- 1 
tion Period 2 5 5 Le 5% 1/3 

First = 43 - id * 2/3 
* Second 4 5 4 3 4 1 
q Dhird 3 5 7 3 4% 1% 
& Fourth 2 8 6 2 41, 21/38 
E Fifth 3 8 6 3 5 4 
& Sixth 2 5 5 4 4 5 
S Seventh 3 6 5 5 4%, 6 
wm Mighth 2 5 6 6 434 8 
a- Ninth 22. 5 4 9 5. 534 10 
= Tenth '-. -- 4 9 9 8 5% 13 
& Bleventh . 8 13 14 27 11 2/3 18 

Twelfth 19 30 30 26 1/3 24 

Complete 
nymphal 
period -...... 55 98 101 66). -17180 

*Less than % hour. 

** Instars are the periods between moults; e. g., the first instar is 

the stage between the egg and first molt. 



9 

From the foregoing table it will be seen that the nymphs 

moult ten or eleven times; and that the time of incubation and 

especially the total nymphal period vary considerably with 

the individual. It will also be noted that the time of the last 

two or three instars gradually lengthens, the last, of course, 

being the longest, averaging, for the four, more than one-third 

of the life of the nymph. This long period is due to the great 

change that takes place during the last instar, a change from 

the nymphal, water-inhabiting form, breathing chiefly by 

means of tracheal gills, tc the adult form, breathing altogether 

by means of tracheae. This period corresponds to the pupal 

stage of those insects possessing a complete metamorphosis. 

During this time many of the organs are greatly changed. 

Some are even completely reconstructed, such as the respira- 

tory organs, labrum, wings, compound eyes and gizzard. 

In these experiments the nymphal period varied from 55 to 

101 days. It is doubtful if the nymphs complete their growth 

in nature in so short a time as did No. 1, except in very rare 

cases, as their food supply is not always close at hand. The 
amount of food, modified doubtless by climatic conditions, 
largely determines the rate of growth of the nymphs. 

Nymphs Nos. 1 and 4 were fed daily with large amounts of 
food; while Nos. 2 and 3 were fed less often and in smaller 

quantities. The difference is brought out in that Nos. 1 and 4 

completed their growth in about two months, while Nos. 2 and 

3 required over three months for their development. 

Food Supply Important. 

Other experiments conducted along this line proved still 

more strikingly the relation of food to growth. Two nymphs, 
hatching on the same day, were placed in separate vessels. One 
was fed liberally with mosquito larvae, and the other was given 
five or six mosquito larvae every four or five days. 

In nineteen days the former moulted seven times, and was 

well along the eight instar, whereas the latter had cast only 

its third moult, and at this stage was no larger than the other 
at its fourth instar. 

The ability to fast for long periods also plays a great part 
in the length of nymphal life. Some experiments were carried 
on to see how long nymphs could go without food. The long- 

est fasting periods, obtained in these experiments, were from 
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fourteen to sixteen days. Under natural conditions, however, 

no doubt they can keep alive without food for much longer 
periods. Some species of dragonfly nymphs have been kept 
without food in confinement for a month and more. Specimens 

of Aeschna cyanea and Agrion puella fasted for thirty and 
thirty-three days respectively* and at the end of that time 

were still active and apparently not at all affected by the long 

fast. 

From the experiments detailed above it may be safely con- 

cluded that the nymphal period varies from two to six or more 

months. 

Adult Stage.—No attempt was made to see how long the 
imago or adult lives, as the very active nature of the dragonfly 

and the manner in which it procures its food would not permit 

of any successful feeding in confinement. It is reasonable to 

suppose, however, that its lfe does not extend over a great 
many weeks, if we can draw any inference from the very ad- 

vaneed stage of development of the ovaries in the later stages 

of the female nymphs. This, however, is no definite proof, and 

experiments on the life of the adult dragonfly would be of very 
great interest. In dissecting nearly full-grown female 
nymphs, it was found that the ovaries were full size, and the 

ovarian tubes practically as long and plump as those of the 

adult, but no signs of any egg constrictions could be detected. 

Local Distribution. 

Hawaiian conditions seem to offer innumerable and in some 

cases extensive regions admirably suited to the dragonfly in 
its younger, or nymphal, stages. As all the species in their 

younger stages live either in water or in moist places, their 
preponderance depends largely upon bodies of water, or dense 

and more or less continuously moist forests, suited to these 
early stages. 

The conditions requisite for the life of the nymphs vary a 
great deal according to the adaptation of the different species. 
Some require quiet, shallow water with boggy or muddy bot- 

toms in which to burrow; some thrive best in clean sandy beds 
of running streams; some have their habitat in rapids where 

they cling to rocks and plants; still others live in deep ponds 

* “Hintomologist,” 33; 211. 

| 
7 
| 

i i 
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or lakes, clinging to the submerged debris and vegetation. In 

Hawaii, land forms or even arboreal forms are found. 

Though conditions in the Islands are on the whole favorable 
to the development of the dragonfly in its nymphal stages, 

these conditions, nevertheless, vary so widely in different local- 

ities that two well marked zones may be recognized. The first 

comprises the lower plains of more or less open country, with 
their natural streams and artificial irrigation ditches leading 
to taro and rice fields and to other cultivated crops artificially 

irrigated. This region for the purposes of this study will be 

called the Lower Zone. It extends from sea level to an eleva- 
tion of from 1000 to 2000 feet. The second, including the dense 

and more or less continually moist upland forests with their 

numerous mountain streams and their peculiar tropical vege- 

tation, will be designated the Forest Zone. 

In these two zones the nymphs have adapted themselves to 

entirely different modes of life. In the former they are purely 

aquatic. Those in the Forest Zone develop not only in the moist 

places underneath overhanging, dripping rocks, but also in the 

moisture and debris-retaining leaf-sheaths of the climbing Ieie 
vine, where many species of the Agrionids or damsel-flies live. 

In both these zones the area suitable for the breeding of the 

nymphs is very extensive. On the lowlands and in the valleys 
in many sections of each island, there is an intricate network 

of irrigation ditches leading to extensive rice and taro fields. 

The rice crop is submerged in water for the greater part of its 

srowing season of five months, and usually two crops are taken 

off in a year. The taro fields remain under water often for as 
long as twelve months. The area under rice cultivation on the 

Island of Oahu alone is about 9,000 acres. 

The dragonflies of the Forest Zone are also provided with 
large areas, as many of the mountain slopes are well wooded. 

Moreover, as this is a tropical country, the breeding season 

goes on without interruption. 

Notwithstanding all these favorable conditions extending 

over such large areas, there are in these islands only five 

species of dragonflies, or Anisoptera, and twenty-six species 
of damselflies, or Zygoptera. The details of these species will 
‘be taken up under another section. Though the number of 

species is small, the number of individuals is large, more espe 
cially the common yellow species, Pantala flavescens. 
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Species of Odonata in the Hawaiian Islands. 

The following is a brief summary of our local dragonflies. 
The Anisoptera, or dragonflies, in the Hawaiian Islands are 

represented by five species, enumerated under their respective 
families, as follows: 

LIBELLULIDAE. 

Pantala flavescens Fabr.—This is the cosmopolitan, medium large, 
yellow species that is so common in the streets and gardens of Hono- 
lulu; in fact, it is found on all the islands, on the lower open lands. 
The Pantala is an introduced species. 

Tremea lacerata Hagen.—This species is somewhat larger and dark- 

er than the foregoing. It can be recognized by the large, irregular, 
dark-brown patch on the base of each of the hind wings. Although 

the members of this species may also be found in the open country on 

the lowlands of all the islands, it is rather scarce. This is also an in- 
troduced species. 

Nesogonia blackburni Mc].ach.—This is much smaller than our yel- 
low species, being the smallest of our dragonflies. The general ground 
color is dark. On the abdomen are a number of large blotches of red 
at the base, and some smailer ones near the tip, and between these 
there is a sprinkling of red dots along the dorsal side. On the thorax 
are a number of conspicuous yellow spots and stripes. These charac- 

teristics readily distinguish this species from the other four dragon- 
flies. This one is likewise distributed over all the islands, but, as it 

is an endemic species, its habitat is restricted to the deep valleys and 
mountain forests, and is rarely met with. 

AESCHNIDAE. 

Anax junius Drury.—This is the large handsome blue species quite 
common on all the islands. In abundance it comes next to the yellow 
species. This is also an immigrant. 

Anax strenuus Hagen.—So far this species has been found in the 
mountains of Kauai, Maui and Hawaii, and is endemic. It is by far 
the largest of our dragonflies. Superficially it is similar to A. junius, 
but is dark in color. Its wing expanse is 5 inches, against 314 inches 
in our common yellow species. 

The Zygoptera, or damselflies, found here belong to the genus 
Agrion of the family Agrionidae, and form a unique and interesting 
group. Twenty-six species have been recorded, all of which are na- 
tive to the islands. 

The nymphs of many of these damselflies have changed from their 
aquatic habit and have adarted themselves to live on land, and some 
have even become arboreal, living in the leaf bases of the climbing 
TIeie vine (Freycinetia) and the liliaceous Astelia. Dr. R. L. C. Per- 
kins* describes their acquired land habit as follows: “These have 
given up their aquatic life and live hidden at the bases of the leaves 
of a liliaceous plant, Astelia veratroides. Sometimes a little water is 
held by the plant around the stem. but more often there is merely a 
collection of damp earth and dead leaves. These nymphs would even 

appear to dislike the collections of water, for in wet weather they 

* “Rauna Hawaiiensis,” 2; 63. 
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often crawl half-way up the leaves instead of remaining at the basé, 

where the water accumulates.” 
The members of this genus are found chiefly in the mountain forests 

and wooded valleys, but they may be met with anywhere except in 
the dry regions of the coast and on the higher mountains above the 
forest line. 

Insect Fauna of Hawaii. 

Before drawing any definite conclusions as to the economic 
relation of the dragonflies to the rest of the insect world, it 
would be well to get some idea of the Hawaiian insect fauna 
as a whole. Therefore a brief survey of the Island fauna will 

be given. i 

As the Hawaiian Islands lie well within the tropies, in the 
middle of the Pacific Ocean, separated from the North Ameri- 
ean continent by 2100 miles, and from the Asiatic shores near- 
ly 5000 miles, it is to be expected that the Hawaiian fauna and 

flora differ markedly from those of the continents to the east 

and west. Furthermore, as the fauna, especially the insect 

division, of any country depends directly or indirectly upon 
the flora, and since the Hawaiian vegetation, excluding the 
plants introduced since the advent of the white man, is largely 

endemic, and therefore peculiar to these Islands, one may ex- 
pect to find a great number of native insects. Dr. Perkins,* 

who for years has collected not only insects but other forms of 

animal life in the Hawaiian Islands, and who is preeminently 

an authority on this subject, places the total number of species 
of native insects known by him, January, 1913, at 2740.** He 

asserts that only about half of the native species have been col- 

lected, and that a fairer estimate of the native forms would be 

5780. 

Since the establishment of closer commercial relations be- 
tween these islands and other countries by means of freight 
and passenger vessels, a number of species have been brought 
in accidentally, and still others have been introduced purpose- 

ly for economic reasons, so that this foreign group of insects 
has reached the number of at least 585 species. These Islands, 

*“RHauna Hawaiiensis,” Introduction, p. XLI. 

** The extensive faunal collections made by Dr. Perkins in the Ha- 
wailian Islands gave rise tc the comprehensive work, the ‘Fauna 
Hawaliensis.” In the review of the insects that follows the numbers 
of species, genera, and families mentioned are taken mainly from 
this work, supplemented in a few cases by the writer’s own observa- 
tions. 
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though often spoke of as possessing but a meager collection of 
insects, are indeed quite rich in the number of species of certain 
orders. , 

The wide range of insects existing in Hawaii may be better 
understood remembering the great variability in the physical 
conditions of the Islands. The varying topography; the great 

variation in rainfall in different parts of the same island; the 
amount of exposure to or protection from the trade winds; the 
ereat difference in temperature of the lowlands near sea levei 

and the higher altitudes; and the luxuriant growth of vegeta- 

tion in some sections and the scanty growth in others, are ¢or:- 

ditions tending enormously toward the adaptation and support 
of a wide range of insect forms. 

There are four points that come out strikingly as one studies 
the local insect fauna as a whole. These are, the minuteness 

and obseurity of the insects inhabiting dense forests and deep 
gulches; the paucity in, or entire absence of large groups; the 

richness in number of species in certain genera, or the large 
number of closely allied genera in certain families; and the 

large number of flightless forms, especially among the beetles, 

Coleoptera, and true bugs, Heteroptera. 

During the last fifty years great changes have taken place 

in the number and distribution of the insects of Hawai, espe- 

cially with regard to those in the Lower Zone. In the Forest 

Zone the changes are not so marked. The disturbing factors 
have been chiefly : 

Introduction of foreign plants, and the placing under eul- 
tivation of large areas of land. 

Destruction of forests for lumber. 
Pasturing the foothills, plains, and valleys with sheep, eat- 

tle, and horses, thus gradually killing off the native trees and 

plants. 

Introduction, accidentally and designedly, of foreign in- 

sects which either prey on, or crowd out, the native insects. 

One insect which is responsible, more than any other of the 
foreign species, for the reduction of the native insects in the 
Lower Zone, is the predaceous ant, Pheidole megacephala Fabr. 
To quote Dr. Perkins* on the destructiveness of this ant: ‘‘It 

may be said that no native Coleopterous insect can resist this 

predator, and it is practically useless to attempt to collect 

*“Hauna Hawaiiensis,”’ Iutroduction, XLI. 
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where it is well established. Just on the limits of its range one 
may oc2asionally meet with a few active beetles, e. g., species 

of Plagi amysus, often with these ants attached to their legs or 

bodies, bit sooner or later they are quite exterminated from 

such loealit es. It is quite certain that native beetles and many 

other insects are absent from the localities occupied by Phei- 
dole, solely on account of its presence.’’ 

This ant is found as high as 4000 feet elevation. Broadly 

speaking then, in the Lower Zone the number of native species 

of insects has been greatly reduced, and in that region most of 

the introduced species are now found. The Forest Zone still 

contains most of the native insects and only a few of the for- 

eign ones.- In the following brief review of the local insects 
only the more important groups will be considered as they 

exist in the two zones. 
As both the nymphal and adult forms of the Odonata are 

predaceous throughout their life, this review of the Hawaiian 
insects will be taken up mainly in their relation to the food 
supply of the dragonflies. For this purpose the insects will 
be divided into two groups, aquatic and aerial insects. The 

aquatic insects will include all those habitually frequenting the 

water, or living in that medium all their lives, or at some stage 

during their life history ; that is, insects which furnish food for 

the nymphs. The aerial insects will embrace all those possess- 
ing functional wings; that is, insects that may form possible 
food for the adult dragonflies. 

AQUATIC INSECTS. 

The streams and other kodies of water in Hawaii are remarkably 
lacking in aquatic insects. As mentioned, entire orders, common in 
the streams and ponds of other countries, are unrepresented, e. g., 

Ephemerida or May-flies; Mecoptera or Scorpion-flies; Plecoptera or 

Stone-flies; and Trichoptera or Caddice-flies. Most of the families of 
the water bugs have no representatives here. Out of the eleven 
families* whose members live in the water, only ifour, Corisidae, 
Naeogeidae, Notonnectidae, and Veliidae, are found locally, and each 

of these is represented by only one species. Besides these four a few 
species of Acanthtidae frequent mountain streams and pools. The 

Coleoptera or Beetles are even less abundant than the Hemiptera or 
Bugs. There are only five species of water beetles, three of these 
belonging to the family Dystiscidae, and two species of Hydrobius of 
the family Hydrophilidae. Chief among the Diptera or Flies may be 
mentioned the Culicidae or Mosquitoes with three species; Chirono- 

*In the classifications, into orders and families, used throughout 
this thesis, that of Comstock’s “Manual for the Study of Insects” has 
been followed as far as possible. The family Naeogeidae is not men- 
tioned in this manual, thus one more is added to the ten mentioned 
therein. 
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midae or Midges, and Ephydridae, each with four species recorded. 
There are, no doubt, a great many more species in the last two 
families. ; 

AERIAL INSECTS. 

The adult dragonfly has a much greater range of food among the 

insects of the air than the nymph among the aquatic forms of life, 
as representatives of every order containing winged forms, except 

the four mentioned under the aquatic group as being entirely absent 
from tne islands, are found locally. Hach of the principal orders form- 
ing possible food for the Odonata will be taken up separately and 
briefly summarized. 

COLEOPTERA or Beetles. 

This order is the largest in ture number of species, 1288 having been 
recorded, and these are distributed among forty-seven families. The 
four largest families, Carabidae or Ground beetles, Cermabycidae or 
Long-horned beetles, Nitidulidae, and Proterhinidae, comprising near- 
ly one-half of the number of species of beetles, are mostly native and 

are practically all found in the Forest Zone. Nearly all the species 

of the first and fourth families are flightless. Representatives of these 

four families once extending into the Lower Zone are now fast dis- 

appearing on account of the predaceous habits of the Pheidole Ant. 

The families still represented in the Lower Zone are mostly those of 

foreign introduction, such as Bostrichidae, Bruchidae, Nitidulidae, 

Ptinidae, Scarabaeidae, Staphylinidae and Tenebrionidae, each with a 

few species. The Rhynchophora or Snout-beetles are also represent- 

ed by a few species. 

LEPIDOPTERA or Moths ard Butterflies. 

This order comes next in number. Most of the species are found in 

the native forests and belong mostly to the Microlepidoptera or Small 

Moths. A few “Micros,” however, are also found in the Lower Zone, 

such as the leaf miners. Among the Macrolepidoptera or large moths 

and butterflies of this zone may be included eight of the ten butter- 

flies found here, three of them cosmopolitan species, Pontia rapae 

Linn., the Cabbage butterfly; Anosia plexippus Linn., the Milk- 

weed’ butterfly, and Vanessa cardui Linn., the cosmopolite butterfly. 

Among the moths are the introduced species of grain moth, and those 

of the native and introduced army worms and cutworms. 

DIPTERA or Flies. 

This order no doubt comes third, though very little systematic work 
has been done in this group so far. In all, twenty-six families have 
been recognized, of which ten contain endemic species. The forests 

are very rich in Diptera of all kinds. The principal families found in 
these wooded areas are: Anthomyiidae, Cecidomyiidae, Chironomidae, 
Drosophilidae, Pipunculidae and Tipulidae. The fourth named is very 
striking in number and development, 250 closely related species hay- 

ing been enumerated, most of which are native. In the lowlands, cul- 
tivated ground, and around habitations, a number of the cosmopolitan 
forms of the families Anthomyiidae, Dolichopodidae, Drosophilidae or 

Pomace flies, Muscidae or House flies, and Sarcophagidae or Meat 
flies occur; along streams and muddy pools, Chironomids or Midges 
and Ephydrids abound. 

The Culicidae or Mosquitces are represented by but three species: 

Stegomyia scutelaris Walk., a day mosquito, found chiefly in the up- 
land forests, though also in lowlands and around dwellings; Aedes 

calopus Meig., the yellow-fever mosquito, also a day mosquito, but 
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very scarce; and Culex fatigans Wied., a night mosquito, quite com- 
mon during the rainy season and to be found anywhere from sea. level 

to 4000 feet elevation. 

HEMIPTERA or Bugs. 

The Hemiptera have a fair representation in these islands, about 
300 species. This number is divided nearly equally between the 
Heteroptera and Homoptera. As with most of the other orders the 
majority of species here are native, and therefore found mostly in the 
Forest Zone. The Heteroptera of the Lower Zone are represented 

chiefly by the Capsidae, Lygaedae and Nabidae. Although some 
winged forms of each of these families are found in the lowlands, the 
majority are wingless and are found in the forests. Pentatomidae or 
Stink-bugs, and Reduviidae also occur. Among the Homoptera may 

be mentioned Aphidae or Plant lice, Coccidae or Scale insects, Ful- 
goridae, and Jassidae or Leaf-hoppers. The last two families contain 
more than half of the Homoptera. 

HYMENOPTERA or Bees, Wasps and Ants. 

The Hymenoptera form quite an interesting part of the Hawaiian 
fauna, as perhaps the majority of the species in this order are intro- 
duced and may therefore be met with chiefly in the Lower Zone. The 

Aculeata or Stinging Hymenoptera contain about 200 species, unequally 
distributed among the digger wasps, bees and true wasps. Among 

the Terebrantia or Boring Hymenoptera are now found a fairly large 

number of species, mostly irtroduced. There are a few families, how- 

ever, that are entireiy absent. Among those that have representatives 
are the Braconidae, Cnalcidae, Evaniidae, Ichneumonidae, and Procto- 
trupidae, all parasitic. 

NEUROPTERA or Lace-wings. 

As in the previous order, here also a few families are absent; but 
unlike the Hymenoptera, most of the species of the Neuroptera are 
native and found chiefly in the forests. The families quite rich in 

species are Chrysopidae or Lace-wings and Hemerobiidae. The latter 
family contains two flightless genera. The Embiids are represented 

by one species, specimens of which are frequently seen in dwellings. 
The Myrmeleonidae or Ant-lions are represented by two species, but 
are rarely found. 

ODONATA. 

For details of this order see p. 

ORTHOPTERA. 

So far eighty-three species have been recorded in this order. Of 
the’ six families belonging to this order only one, the Phasmidae or 

Walking sticks is not represented. The Gryllidae or Crickets take 

the lead in numbers, about forty species being known. Next come the 

Biattidae or Cockroaches and tocustidae or Long-horned grasshoppers. 

Among these three families are found a number of flightless forms. 

The Mantidae or Praying Mantis and Acridiidae or Short-horned grass- 
hoppers are represented each by two species. 

EUPLEXOPTERA or EHar-wigs. 

This order is represented by about a dozen species. 

ISOPTERA or White Ants, or Termites. 

Only four species have been recorded, and specimens may be. found 
in both zones. ne 
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CORRODENTIA or Book-lice. 

Twenty-five species of Psocids have been recorded, of which twenty- 
four are described as new in the “Fauna Hawaiiensis.” Specimens 

of this order may be found in both zones. 

THYSANOPTERA or Thrips. 

This order is represented by five species, all of which are in the 

Lower Zone. 
The remaining three orders, Thysanura or Silver-fish, Siphonaptera 

or Fleas, and Mallophaga or Bird-lice, although each represented by 
a. few species, need no further mention, as their members are neither 

aerial, possessing no functional wings, nor aquatic, and therefore do 

not contribute to the food supply of the Odonata. 

Scope of the Work. 

This paper will confine itself to the Anisoptera or Dragou- 

flies of the Lower Zone. Of the three found in this zone on the 

Island of Oahu only two, Anax junius Drury and Pantala flav- 
escens F'abr., were taken, as these are the most abundant. The 

third, Tramea lacerata Hagen, is very scarce and difficult to 

capture. 

The data on the food habits of the nymphs were obtained 
chiefly by examining the contents of the alimentary canal. This 
is also largely true with regard to the adults. Although a great 

deal could be learned by field observation as to what insects 

the dragonfly catches on the wing, greater stress is laid on 

what was found in the digestive tract, including the mouth 
parts; in fact, this latter method may be considered a check, 

and in many cases it was used as a means to verify observa- 

tion, especially in the case with small insects. A few remarks 

on the digestive organs will therefore not be out of place. 

In all insects the kind and accessibility of food and the man- 
ner in which it is obtained determine the form and structure, 

not only of the external organs, but of the internal ones as 

well. Especially is this true of the alimentary canal. The 
insect that feeds on liquid foods, animal or vegetable, imbibing 

them by means of tube-like sucking mouth-parts, possesses a 
very different digestive tract from one with biting mouth- 
parts, which lives chiefly on the solid parts of other insects. 

The digestive tract of the former is long, tortuous, more or less 

smooth, has no gizzard and only a small crop. That of the 
latter is usually comparatively short and straight, possesses a 
crop capable of great expansion and a well defined gizzard 

which is variously lined with citinized prominences. Plate I, 
Figs. 1 and 4 show two forms of the latter type of alimentary 
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eanal. Wig. 1 is that of the adult, and ig. 4 that of the nymph 

of Pantala flavescens Halr. 
The gizzard of the dragonfly is immediately behind the crop 

and extends into the chylific stomach, so that, in addition to its 
main function of further grinding the food, it serves as a valve 
to keep food from returning from the stomach into the crop, 

as shown in Plate I, Fig. 2. The lining of the gizzard of the 
adult has four long and narrow chitinous strips running 
parallel with the long axis of the digestive tract. Each of these 
strips at the caudal end is surrounded with an area, extending 

about one-third the length of the strip, composed of very 

minute spiles, as shown in Plate I, Fig. 3. 

In the nymph the gizzard is even more developed. Here, in- 

stead of narrow. strips, there are two crescent-like plates crest- 

ed with strong chitinous teeth. On the opposite side and fitting 

into the concave part of these crescents are two sets of chitin- 

ous prominences, each set composed of two large curved teeth. 

In Plate I, Fig. 5, the gizzard is laid open to show the lining. 

Methods Employed. 

In order to obtain data on the food of the dragonfly, two 

methods were employed in both the nymphal and the adult 

stages. With the nymph feeding in confinement, the contents 
of the alimentary canal were examined. With the adult, field 
observations were made and the contents of the alimentary 

canal were examined. 
As it is well nigh impossible to obtain data on the food 

habits of the nymphs by mere observation under their natural 

conditions, most ponds and streams being of a nature to pre- 

elude such a course, this method had to be abandoned. The 

second method, examining the contents of the alimentary 

canal, is after all the only reliable one, and the conclusions will 

be based on the results of this method. The feeding of the 
nymphs in confinement was carried on in two ditferent ways; 

by studying the local aquatic fauna, and then feeding the 

nymphs only such forms of life as were found in the ponds and 

streams with them; and, by placing in the rearing tanks all 

kinds of terrestial and aerial forms of insects, as well as other 

small forms of animal life. 
With the adults a certain amount of field observation is pos- 

sible, especially in the cases where the insects devoured are 

comparatively large. It is impossible, however, to tell with 
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certainty whether or not tiny creatures are caught, as the 

movements of the dragonfly are so quick, and so many of the 

small insects can be seen on the wing, if at all, only at a cer- 

tain angle with the sun. Even in such cases we may verify our 

supposition when we have the good fortune of capturing the 

dragonfly immediately after it has caught its tiny victim, and 

the latter is not too greatly mutilated as it is being ground be- 

tween the chitinous jaws of its captor. Quite often the species 
of such victims have been recognized, or, if not the species, at 

least the family to which they belonged. 

In regard to the examination of the contents of the alimentary 

canal, it may seem at first thought that, since the food is so. 
finely chewed up by the dragonfly, or nymph, and these tiny 

bits subjected to the further grinding of the more or less spined 
and chitinized lining of the gizzard, especially in the case of 
the nymphs, and lastly acted upon by the juices of the chylifie 
stomach, very little is left that is recognizable in the digestive 
tract. Such, however, is not always the case. Enough chitin- 
ous matter in the form of scales, setae, legs, antennae, wings 

and bits of the hard integument itself are found, so that it is 
often possible, with the higher powers of the binocular, to clas- 
sify the remnants of the insects into orders and families. For 
instance, the jagged scales of the Lepidoptera or butterflies and 
moths may be recognized, Plate III, Fig. 7; the broad, micro- 

scopically serrated, or smoothly pointed scales of Culicidae or 
Mosquitoes, Plate II, Fig 12; the wings and setaceous bits of 

integument of Diptera or Flies, Plate II, Figs. 9, 10, and Plate 
Ill, Fig. 18; and the characteristic venation and antennae of 

Chironomidae or Midges, Plate III, Fig. 2, (a) and (b). Obvi- 

ous, too, are the partially membranous wings of Heteroptera 
or Bugs, Plate IV, Fig. 1; the characteristically veined wings, 

Plate Il, Figs. 6, 11, and 14, and peculiar structure of the legs, 

Plate III, Fig. 15, of the Homoptera in general; and the one- 

segmented tarsi and wing venation of Aphidae or Plant lice, 
Plate Ill, Fig. 5, (a) and (b). Unmistakable are the wings 

and antennae of Hymenoptera in general; and the peculiar legs 
and the branching hairs of the Apidae or Bees, Plate III, Fig. 

11 (a), (b) and’ (c). The hard Elytra, Plate II, Fig. 2, and 
Plate IV, Fig. 8, the comparatively smooth and well clawed 
legs, and the characteristic antennae, suggests the Coleoptera 

or Beetles in general, while the short elytra and peculiarly 

clubbed antennae at once indicate the local Staphylinidae, 
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Plate I, Fig. 7a, just as the peculiar tibiae formed for digging 
characterize the Scarabaeidae, Plate ILI, Fig. 10b. And so on 

for the other orders and families. 
So much for the general groups. It is often possible to recog- 

nize even specific characters. This may be done by observing 

what insects are present in the immediate locality at the time 

the dragonflies are caught, and capturing also a few specimens 

of as many species as possible, and then carefully comparing 
the parts found in the intestines with those of the insects 

caught at that time. In this way it was often an easy matter 

to recognize certain specific characteristic anatomical parts of 
a species, such as the size, shape, color and structure of, say, a 

tarsus, a tibia, or an antenna. Of smaller insects entire wings, 

or at least the greater portion thereof, are frequently met with, 

as shown in Plate III, Figs. 1, 4, 8, 9, 10, and Plate IV, Figs. 
va; and 11. 

Area Covered. 

In the pursuit of this research the aim has been to cover as 

much territory around Honolulu as time and circumstances 

would permit, so as to include as many as possible of the varied 

conditions under which the dragonflies find their food in the 
Lower Zone. . 

For the nymphs, the following localities were visited: The 
taro patches, natural streams and irrigation ditches of the val- 

leys of Kalihi, Nuuanu, Pauoa, Makiki, Moiliili to Waikiki; the 

vegetable gardens and rice fields of Keauhou district; the 

Moanalua gardens and rice fields; the large swampy district 

of Kahauiki, at present more or less abandoned; and the Waia- 
lae district. 

The adult dragonflies, having practically no bounds to limit 

their field of action, may be seen everywhere hawking for their 
prey. They dart back and forth on the streets, swarming the 
cow-yards and around horses and cattle, flying in and around 
vegetable gardens, soaring over ponds and streams, and flash- 
ing among trees, especially when these are in bloom. Since 
these winged hunters are so active everywhere, specimens for 
dissection were caught, not only in the districts visited for 
nymphs, as listed above, but on the plains, valleys and foothills 
in and around Honolulu. 
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EXAMINATION OF THE CONTENTS OF THE ALIMENT- 

ARY CANAL OF NYMPHS. 

In this connection three hundred and thirty-five nymphs, in- 

cluding forty-one Anax and two hundred and ninety-four Pan- 

tala, were dissected for the purpose of examining the aliment- 
ary eanal. Out of the forty-one specimens of Anax six were 

found to have the digestive tract entirely empty; and of the 

two hundred and ninety-four Pantala, seventy-six had in their 
alimentary canal no traces of animal remains, being either en- 

tirely empty or containing some mud, gravel or algae. There 

were then left in all two hundred and fifty-three whose diges- 
tive tract contained some kind of animal remains. 

In examining the contents of the alimentary canal of the 
nymphs, no such difficulty was found in identifying the frag- 

ments as with the adults. This is due mainly to two reasons; 

first, the range of prey of the nymphs is comparatively lmited 
among the aquatic forms that possess a skeleton, external or 
internal, which is chitinous or bony enough to resist being com- 

pletely dissolved or destroyed in its passage through the ali- 

mentary canal; second, the gizzard being well provided with a 
erinding apparatus-—Plate J, Fig. 5—the food is therefore not 
so finely broken up by the mouth parts of the nymph as it is 
in the adult whose gizzard possesses a much less developed 

erinding structure, as is seen by comparing Plate I, Fig. 2, with 

Fig. 5. The mouth parts of the adult are more strongly built 
and better fitted for fine chewing than are those of the nymph. 
In the crop of the nymph, larvae of Chironomus or Midges and 
Culex or Mosquitoes were often found nearly intact. Although 
the gizzard of the nymph without doubt further breaks up the 
large soft pieces that enter it, it is problematic whether or not 
such hard pieces as bits of chitin are really much reduced in 

S1Ze. 

In the list that follows will be given the different kinds of 

animal life preyed on by dragonfly nymphs, as represented in 

the contents of the digestive tract of the two hundred and fifty 
three Anax and Pantala nymphs dissected. The nymphs of 

these two species having shown no appreciable difference in 

their food habits, the results are therefore given under one 
table. 

In order to have some basis upon which to construct a table 

showing in some way the relative amounts of the different 
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kinds of animals taken as food by the nymphs, the following 
scheme was adopted. The figures in the table represent units, 

or the number of times a certain species or group appeared in 

the series of dissections; that is, each distinctive species or 
croup of animals, as classified in the table, whether found in 
large or small quantities in the contents of a single digestive 
tract, is given the value of one unit, or 1. For example, sup- 
pose there were found in one nymph 12 specimens of Cypris, 

6 heads of Chironomid larvae, and 1 spiral shell, Mollusca, 

each of these three groups is represented as one unit, making 
three units for that particular nymph. 

TABLE SHOWING THE FINDINGS IN THE CONTENTS OF THE 

ALIMENTARY CANAL OF 253 NYMPHS. 

Total 

COLEOPTERA or Beetles. 
Dytiscidae, the smallest of the three species........ 16 

DIPTERA or Flies. 
Chironomidae (Midges). 

Chironomus hawaliensis, larvae ................ 167 

Chironomus hawaiiensis, adults ................:. 4 
Chironomid larvae, undetermined ............... 1 172 

Culicidae (Mosquitoes). 
Mosquito larvae and pupae ..........cccc cece ees 12 

BOO SOTO me ACU MR ih 5 4 lave SucteS So oss se ela cece axe sha hoce’e 1 18 

Dolichopodidae (Long-legged Flies) ................. 1 
OMe ee UIC CTOMIMIMNGH 455.0 5G cece ne ere ee eck se wren oe 1 2 

HEMIPTERA or Bugs. 
Naeogeidae. 

Menrr ae aiabMeDEOIUES oc. eels cess tees sve eh ewes 1 
Veliidae. 

INEM Mieke VEU SINGS hc. cis pe sleSote Sie adele Soe leaie se ceew se Gs 2 3 

HYMENOPTERA (Bees, Ants, etc.). 
Myrmicidae. 

HME TMOLe “MESACEPNAIA — iw ccice wietve ela aes vielen e oe de 2 

PVM Cmem UIT CIMNUINCK. | vv apete our oo ec elhue fee ses ose esalnee ce 11 13 

ODONATA. 
Libellulidae. 

IPANbAla TAVESSENS, NYMPNS oo veces. Se Cees 6 
CRUSTACEA. 

MURAD ume deye: cesar 1a, RUN Teme Aydt tive, e Poe RRaN hate ocd OO gae ead 108 
ay IRN Ses, Con ek Rha Me (ia y Rig Lash ang A lebe aw eee Pele ace 3 111 

MOLLUSCA. 
SSDNA MRS MEN ict cu eacoe Maraunl aS ar SF anee el eee Cook ae he caw ga eudbe bw oes 14 

PROTOZOA or Single-celled animals. 
Of STING ok ca oe ea nN Ye Sa aS 30 
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ANNULATA or Segmented worms. 

INJOTOLS Gig a coe acs co aitedee es Noine eater ean Alsi: ook gee ie eee Mea Lg sac 1 
AMPHIBIANS. 

"MadipOles sii. 2 hss 5. CeCe A RRS a DROS eae eee 8 
FISH. 

OP)? WER TNO WS: > (22 yt revo dete ofheiteycualie eo: aaeeere Mice cepa eke eee eae 1 

OCA has clas RO FOI eS a ee eee 390 

It will be seen from this table that by far the greatest part 
of food of the nymphs is furnished by the order Diptera, chiefly 

Chironomid larvae, mostly of the species Chironomus hawaii- 
ensis, Grims. Next to the flies come the Crustaceans, with 

Cypris in the lead; and third comes the Protozoa. Least of ali 
are the Annulata and fish, each represented by only one unit. 

It may also be of interest to note that in this list the aeriat 

insects have a small representation. Remains of ants, mostly, 

no doubt, Pheidole megacephala, Fabr., appeared in thirteen 
different nymphs; while the Diptera are represented by one 
mosquito, four Chironomids, one Dolichopodid and an undeter- 
mined species of fly, making in all twenty units. The species 
in both Coleoptera and Hemiptera, however, were those of 
aquatic forms. 

There is no doubt but that the nymph is a great destroyer of 

mosquito larvae, although the table does not make a favorable 

showing in that respect. The reasons for this low percentage 
are obvious. Out of the many localities where nymphs were 

collected mosquito larvae were found in only two piaces. These 

were small depressions in an irrigating ditch still holding a 

small quantity of water while the other parts of the ditch had 

either run off or dried up. Fully half of the nymphs taken 

from one of these water pits contained remains of mosquito lar- 

vae in their digestive tracts, while all the nymphs from the oth- 
er place showed on dissection that they had fed on larvae of 
the mosquito. One of the main reasons, perhaps, for mosquito 
larvae being so scaree in streams, ponds, rice fields and taro 

patches is the ubiquity of the httle Top Minnow. 
To present the relative quantities of these different kinds of 

food in a more concrete and simple form, the following graphic 
statement has been prepared: 



Fig. 1.—Chart showing graphically the proportion of the different 
kinds of food eaten by the 253 nymphs that were dissected. 
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Aquatic Animals as Food for Nymphs. 

A second series of experiments was carried on in the labora- 

tory with the view of finding out how far the food range of the 
nymphs extended among the aquatic forms of life. As in the 

former series of experiments, nymphs of both Anax and Pan- 
tala were employed. The food in this series was simply placed 

in the breeding jars or tanks where the nymphs were confined, 

and they were allowed to feed undisturbed at their leisure. Ail 
the different kinds of aquatic creatures placed in the vessels 

were eaten without exception. The following is a list of groups 
of water animals taken for the purpose: 

CRUSTACEA. 
Fresh water shrimps. 

Cypris. 
Cyclops. 

HEXAPODA or Insects. 
Coleoptera, Beetles. 

Dytiscidae, 2 species. 

Diptera or Flies. 

Chironomid larvae and pupae. 
Ephydrid larvae 

Hemiptera or Bugs. 

Corisidae, Arctocorisa blackburni. 

Naeogeidae, Merragata hebroides. 
Notonnectidae, Buenoa pallipes. 

Veliidae, Microvelia vagans. 

FISH. 

Various kinds of fish. 

ANNULATA, or Segmented worms. 

All kinds of segmented worms; among which were the following: 

Nereis or Harthworms, Leeches. 

Myriopoda or Thousand-legged worms. 

Various kinds, such as were found in fresh water. 

Protozoa or Single-celled animals. Nematodes or Round worms, 
and Rotifera or Microscopic worms were eagerly eaten by the 

small nymphs. 

Since so many of the aquatic forms, as listed above, were 
found in the contents of the alimentary canal of the nymphs 

eaught in various places in the open, it is reasonable to suppose 

that practically all of these groups form the natural food of 
the dragonfly in its younger stages. 

Among those forms that were found in countless numbers in 
many localities are the following, named in order of their 

abundance, beginning with the most numerous: Chironomid 
or Midge larvae, mostly those of Chironomus hawaijiensis; 
Nereis or Segmented worm; Cypris or Small crustacean. 
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The Chironomid larvae are ubiquitous, and in some places 
were found in such abundance that dozens could be caught by 

one swoop of the net. Judging from their great abundance 
and the number of specimens found in the stomach contents 

of many different individual nymphs, these larvae no doubt 
furnish a large share of their food of the young stages of the 

dragonfly, as will be shown in the dissection experiments. 

Nereis and Cypris are also very abundant in muddy streams 
and pools. The former in some places were so abundant that 
the mud in which they live appeared decidedly red. However, 

in spite of this fact, no trace of them could be found in the 
digestive tract of the nymphs, but this is undoubtedly due to 

the non-chitinous structure of their body. Although Cypris 
seem to be composed mostly of hard shell, they nevertheless 
figure considerably in the food supply of the nymph, as is 
shown in the table on page 25. 

Land Insects as Food for Nymphs. 

It has been suggested that, since the Hawaiian streams and 

other bodies of fresh water contain very few kinds of aquatic 
insects, and since the yellow and blue dragonflies are so numer- 

ous 1n many localities, the nymphs must obtain some part of 

their food from other sources than from the purely aquatic 

ereatures. This outside food is thought to be derived from 
the occasional accidental dropping into the water of aerial in- 

sects; or, during freshets when extensive areas of vegetation 

are suddenly inundated, from the large numbers of insects 
that drown and are swept into the main water channels. 

In order to find out if the nymphs really do feed on aerial 
forms, if given an opportunity, a series of experiments was 

carried on by feeding the nymphs, both Anax and Pantala, 
while in confinement. Only aerial insects were given them, and 
these in most cases were dropped into the feeding jars alive. 

Some of the nymphs were carried through in this way for one 
or two moults, or until they finally emerged. In some cases 

this feeding period was carried on for from two to five weeks. 
The many species of insects proffered were readily eaten, ex- 

cept most of the ants, especially those strong in formic acid, 
and the black orange aphis, Myzus citricidus Kirk. Although 
these were snatched at repeatedly, they were as often rejected. 
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In these feeding experiments insects representing the following 

families were used: 

COLEOPTERA or Beetles. 

Bostrichidae Elateridae 
Bruchidae Hydrophilidae 

Carabidae Nitidulidae 
Cerambycidae Ptinidae 
Tucujidae Scarabaeidae 

Dermestidae Tenebrionidae 

DIPTERA or Flies. 

Anthomyiidae Ephydridae 
Chironomidae Muscidae 

Culicidae Psychodidae 
Dolichopodidae ~ Stratiomyiidae 

Drosophilidae Syrphidae 

Tryetidae 

EUPLEXOPTERA or Earwigs. 

Forficulidae 

HEMIPTERA or Bugs. 

Capsidae Jassidae 
Cocidae or Mealybugs Lygaeidae 

Fulgoridae Reduviidae 

HYMENOPTERA or Bees, Ants, Etc. 

Apidae or Honey Bee Evaniidae 
Formicidae, Camponotus maculatusEKumenidae 

Hawaiiensis Ichneumonidae 
Braconidae 2 Myrmicidae, Pheidole megacephala 

LEPIDOPTERA or Moths and Butterflies. 

All kinds of Micrclepidopters that could be obtained for the purpose 

were fed, and also some species of Macrolepidoptera. 

NEUROPTERA or Lace-wings, Ete. 

Embiidae 

ORTHOPTERA. 

Acridiidae or Short-horned Grass-Gryllidae or Crickets 
hoppers Locustidae or Long-horned Grass- 

Blattidae or Cockroaches hoppers. 

THYSANURA. 

Lepisma saccharina, Silver-fish. 

MALLOPHAGA. 

Chicken lice. 
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Miscellaneous. 

Besides adult ‘insects, caterpillars, maggots and grubs of 
various kinds, other small creatures, such as spiders, land 

erustaceans or shrimps and sowbugs, millipedes or thousand- 

legged worms, earthworms, and nematodes or round-worms, 

were fed to the nymphs. All these were eagerly snatched at 

and eaten. Often when no other food was available, small bits 

of fresh beef seemed to be relished. 
These experiments would indicate then, that if there is no 

other food available and land insects come within reach, they 

are eaten by the nymphs, provided these land insects are still 

alive and struggling or at least are moved. by a current of 

water or air. As far as the habits of the nymphs were ob- 

served in connection with these experiments, they grabbed 

only at moving objects, whether animate or inanimate, except 
in one case when forty-three dead mosquitoes* were placed in 

a glass with a nymph and all but three were eaten. But in this 

case it was observed that the rectal breathing of the nymph 
set up a current of water which set the mosquitoes dancing 

around, and each time one floated within reach of the nymph 

the latter immediately suatched it up. 
Just what percentage of the food of the nymph land insects 

form, under natural conditions, is hard to say. Only the dis- 
secting of a very large 1umber of nymphs would throw more 
definite ight on this subject. That in nature some land insects 
are eaten, however, was proved by finding remains in the 

digestive tracts of a few nymphs. Out of three hundred and 

thirty-five dissected, eighty-two of which were empty, twenty 
were found to contain aerial forms, thus representing 5.97 per 
cent of the entire number dissected; or 7.90 per cent, taking 

only those two hundred and fifty-three whose digestive tracts 

contained some remains of animal life. 

Examination of the Contents of the Alimentary Canal of the 
Adults. 

In this series of dissections, two hundred and eighteen Pan- 
tala and twenty-four Anax, excluding those whose alimentary 

canals were found empty, were taken. The reason that so few 

specimens of Anax were dissected is because of their difficulty 
of capture, as they are swift on the wing and rarely fly low 

enough to be caught with the net. Dissection of the adults 

ACT. 50.) oo. 
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showed that they differ from the nymphs in that only about 
ten specimens in the entire series possessed in their alimentary 

eanal no trace of food whatever. These empty specimens were 

either freshly emerged, still clinging to blades of grass along 

the edge of a body of water, or were caught so early in the 

morning that they had had no chance of catching prey; but 

later in the day no specimens were found whose alimentary 

canal was empty. This gives another proof of the indefati- 

gable activity and the insatiable appetite of the adult dragon- 

fly. 
During this research, quite a number of adult specimens 

when caught were found to have some insects or portions of 

insects still in their mouth parts. As the mouth parts are 
really part of the digestive tract, the insects found in this way 
will be ineluded with those found in the alimentary canal 

proper. In order to have some comparison as to the number 

or quantity of the different kinds of insects caught, the saime 

unit basis that was adopted in connection with the Hy is 

also used in this case. 

As far as the results of this research would indicate, there 

seems to be a slight difference in the food habits between 

Pantala and Anax; the findings of these two species will there- 
fore be given in separate tables, as follows: 

TABLE SHOWING THE FINDINGS IN THE CONTENTS OF THE 

ALIMENTARY CANAL AND MOUTH PARTS OF 24 

ADULT ANAX. 

COLEOPTERA or Beetles. 
Scarabaeidae. 

PSAMMOGMNS-\ SPSiy Segre aweels sof VOL. Gee ee eee 6 

Un Geter nme 0S coe hess Sees cick nae Mile ley At neo en a 
Undetermined: DEetley iish i .vs sworeusss. «ei sus ea ok oe eae ee 1 8 

DIPTERA or Flies. 
Culicidae or Mosquitoes. Seu eee pee: oe eee 3 

Undetermined: Miege. ais ako ct, ee meen otek. Lai ee 4 7 

HEMIPTHRA or Bugs. 
Fulgoridae. 

Siphantay acuta tes ape ts, ee eo eng Cee ree 1 

HYMENOPTERA or Bees, Ants, Etc. 

Apidae or Bees. 

Apis. amelliiea,.. Honey «bee, (4sicc se okie ees ee al 

HOrmicina Or GANS: sie Cisne a. rake or agaieh ica eae ae ee ea 5 16 
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LEPIDOPTERA or Moths and Butterflies. 

Caradirinidae. 
WIEDMIGUOLDUMetA, OULWOLTT soci we ese oe euides A 

Pyraustidae. 
Hymenia fascialis, Beet web-worm............... 1 

eam MONO TOTTIIS 5. a .c8d cele se wm +o eo ccaue ounaarelme nna 9 

ODONATA or Dragonflies. 
Agrionidae. 

PpMin OME CTU Seil eh Nepaihiakel shel <ictatete «eye Sliema uatehy “aMle wands Wee ai ardlerd 1 
Libellulidae. 

Rectal ene S GCM Siuctcls ccetscese ws og ele cco e lee ea e's Gee es 1 

MISCELLANEOUS. 
IMITTUES gugleliguc tal chores tn Gide ERAnA OLB AA GAGA Leiner LGA ea lc ar aaa 

11 

TABLE SHOWING THE FINDINGS IN THE CONTENTS OF THE 

ALIMENTARY CANAL AND MOUTH PARTS 

OF 218 ADULT PANTALA. 

COLEOPTERA or Beetles. 
Bostrichidae. 

FmZoOpenina pusilla BaAbro see. ce ele be ee wo 1 

Scarabaeidae. 
JO’ SBUSEN TORO UITUNSS, Sal OFS arin CAMP riba ig i Fee sede ara aaa Ae nea 22 
MET ETMONIUEG LESS. oo occcad else cicc Sas eee sb vidas e ca ees 2 

URAL TOU GI SU SIG 2 RIS a ce ae eg Re 31 

Wmoehermimmed IBECbIES fi. coiled lc cle bee wale wg fe ete wd oe 28 

DIPTERA or Flies. 

Chironomidae or Midges. 

@MEOWOMIOMUS: NAWALICNISIS . 5 0. a's cle Sis aes oe 1 
Culicidae or Mosquitoes. 

Cilemnaticzans, Nigut Mosquitoes (oo. ...00) 05.60... it 
Stegomyia scutellaris, D2y Mosquitoes.......... 1 
NCGu Men CL ERIUUIV ANON, S40) 215) > che fac esate a terrobellsve ove? das Meee Scape tao 3 

Drosopmiitdae- or Pomace flies’ ....../5. ee ee ee ee 3 

MOE MSTMMMRGG MISS os. ssc kle bits o vy b's ed be se a ead 140 

HEMIPTERA or Bugs. 
PAPO M ane INGE: siertee Ren wiccee ue) 4 cha bap sciences ale eckla a bree 24 

Corisidae. 
CBr cet NOUS) WU TN Mower os Ghiny fy epe'c 0 Ways ch Ga wn chal evel alee tial vas 4 

Fulgoridae or Leaf-hoppers. 
fenicineielia Ssaceharicida a: ..0... secs. ec coded as 4 
eit rerMmimNGGhe Sy. wae vl alevava ehaiabcimis ques 'ehaba.e s 3-0'a 4 /¢ erie ols 1 

Jassidae or Leaf-hoppers. 
DOrieculacephailamCllipes Gers. ook e 6. scale obese en eee 33 
MESODMCOSVTMEPETIGIMS. 4 cicuscs «crate sk cies oahe saa es 3 

[Loh 2HIGIC BIS. atthe trol pepe atau het sib! DS ie hi Maemo ty al oe A a aaa 2 

Tingitidae. 
PGT Gren WAM UATE AG: iy oon le Goins cha nye 4 Vaud neces states 4 

84 

154 

45 
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HYMENOPTERA or Bees, Ants, ete. 

Apina, not Honey -Beese an) a oe le 1 
Braconidae. 

Chelonus  blackburniyise i. 2 Oe ee eee 1 
Formicina or Ants. 

Myrmicidae. 

Pheidole’ mega¢ephala 2: vo. i. ee ee ee 6 

Undetermined: Ants? nine. PoC Reh eee 11 
Mymaridae. 

Paranogrus Optabilis (7).-. 0%. 250.6 4 ee ee 1 
Otner Hymenopterous Parasites ................. 3 23 

LEPIDOPTERA or Moths and Butterflies. 
Tineidae. 

Cremastobombycia lantanella (?) ............... 5 
Undetermined’  fOmMS cee eo. swe ies enteas cad eee ae (2 Kirt 

ODONATA. 
Agrionidae. 

ASTION SPs ivecsicee, eas ah Mees, Soe vere at clece egal ae i 
CORRODENTIA or Book Lice. 

PSOCIGAE ihe. 5 slaps en deonels oe ace ek ote Resident cee ae een 8 

THYSANOPTERA or Thrips. 
"Rr idae. oes eee, shee tot aohey eau cee eames ene Saale Ae ey ce 9 

MISCELLANEOUS. 
IETS Seis spivndd ie 3S oar tale sae cw Sone wea anche Te leaettoe: one aL 

SPIES cele Bale ee aint I Oe crate ena ce ne ste! ote, Sen 2 21 
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Comparing the foregoing tables the chief difference in the 
food of the two species is that the Anax goes after larger game 

than does the Pantala. Besides the beneficial work that the 

former species performs in feeding on such injurious insects 
as moths of army worms and beet web-worms, lantern bugs 

and mosquitoes, it also preys on beneficial ones, such as other 

species of dragonfly, and honey bees. Of the twenty-four spe- 

cimens dissected, eleven contained remains of the honey bee. 

Just how destructive the large blue dragonfly is among deo- 
mestic bees is hard to say, as no definite conclusion can be 

drawn from the present meager data. More information on 
this subject would be of great interest, particularly to the 

beekeeper. 

The Pantala on the whole seem to feed chiefly on small in- 
sects, the majority of which are injurious, or of no practicai 

economic importance. Among the injurious ones found may 
be mentioned leafhoppers, all kinds of small moths and flies, 
mosquitoes, plant lice, ants, and thrips. The list also ineludes 
beneficial insects, such as egg-parasites and internal parasites, 
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most of which are very small. However, the number of bene- 

ficial creatures caught by the dragonflies 1s no doubt very 

small, as none was found in connection with the Anax. series, 
and among the two hundred and eighteen Pantala examined 
there were found altogether but five, viz.: one Braconid, one 

Mymarid, both parasitic, and three undetermined forms. The 
large number of injurious insects that are destroyed by the 

dragonflies well compensates for the few beneficial ones eaten 
by them. 

As will be seen, two mites and two spiders are recorded in 
the tables. The former were no doubt parasitic on flies or 

beetles caught by the dragonfly and devoured with the host, 

as mites are not infrequently met with on members of Diptera 

Fig. 2.—Graphic chart showing the proportion of different insects 
and small animals eaten by 218 full grown Pantala and 24 Anax. 
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and Coleoptera. The only explanation for the spiders inelud- 
ed in the menu of the dragonfly is that they were caught while 

swinging in mid air, as they often do, suspended from a thread 
of silk of their own manufacture. 

The following chart will give in graphic form, as in the case 

with the nymphs, the relative amounts of the different kinds 
of insects constituting the food of the adult dragonflies. This 

chart is based upon the two foregoing tables and therefore in- 

cludes the findings of both species of dragonfly observed. 

As will be noted, by far the greatest representation is made 

by the order Diptera, totaling 161 units. Next come the beetles 
with 92 units, and these are closely followed by the Lepidop- 
tera with 88 units. The Hemiptera and Hymenoptera were 
less abundant, the former representing 26 units and the lat- 
ter 39. 

Eating Capacity of the Dragonfly. 

There is no doubt that the dragonflies are a great factor in 
helping to keep in check insects of all kinds. This is clearly 

seen by observing the adults hunting their prey almost inces- 
santly. Their appetite is so keen that it can be satisfied by no 
insignificant number of the smaller insects. Though the 
dragonflies may be seen on their hunt at any hour of the day, 
they seem to show the greatest activity in the morning soon 

after sunrise and again in the evening a little before and at 
sunset. After the dragonflies have gorged themselves with 

food they would seem to alight on grass or some shrub or tree, 

there quietly to digest it. In walking across a field during the 
day one frequently encounters dragonflies darting away from 

such places. The food doubtless passes through the alimentary 

canal in a very few hours at the most. At the end of this time, 

or perhaps long before, they are again ready to resume their 

chase. | 
It is impossible to form an accurate estimate, either by field 

observation or by examining the stomach contents, of how 
much the adult dragonfly is capable of devouring in a day, as 
more often than not only a small portion of the prey is eaten, 

except in soft bodied insects, such as flies and plant lice, the 

rest being either rejected or accidentally dropped. However, 

the number of insects that fall a prey to a dragonfly during the 

course of its life must be enormous. Some idea of the volume 
of the food consumed by one of these voracious hunters may be 
gained from the few foliowing observations and experinients: 
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The large blue dragonfly, Anax junius, has been  ob- 
served capturing and eating a specimen of the common yellow 

species, half as large as itself; after devouring practically all 

of its victim, except the wings and perhaps some of the legs, 
it was off chasing after other game. One day while watching 

a half dozen or more yellow dragonflies darting back and forth 
in a sunny corner of a rice field hedged in by high bushes 
where a swarm of minute Chironomids or Midges were basking 
in the sun, the writer could see that these flies were captured 

in great numbers. Four of these dragonflies were caught, and 

on dissection every one of the four was found full, from oeso- 
phagus to rectum, of the remains of these minute Diptera. A 

comparison of the bulk of the entire contents of the alimentary 

canal of one dragonfly with the bulk of one of these Chirono- 
mids would indicate that at a conservative estimate there 

must have been at least fifty of these fies. 

The nymphs are perhaps even more voracious than the 

adults, judging from the amount of food they devour in captiv- 
ity and also from what can be inferred by examining the stom- 

ach contents. For example, nine half-grown top-minnows were 
placed in a jar with four nymphs. In twenty-four hours all 

were eaten. In another case one nymph ate three half-grown 

top minnows in twelve hours. 

To test a nymph’s liking for aerial forms of insects, one 
evening forty-three mosquitoes, Stegomyia scutellaris, pre- 
viously stunned by means of cyanide fumes, were placed in 

a glass with a Pantala nymph, the glass being less than half 
full of water. The next morning all the mosquitoes but three 
were eaten. 

Their capacity for food as well as their cannibalistic charac- 
ter 1s well shown in the following experiment. Seventy (sixty- 

nine Fantala and one Anax) nymphs of various sizes. were 

placed in a small tank and provided with no food except a 

small top minnow. In a week there were left seven Pantala 
and one Anax, and the little fish, so that sixty-two nymphs 
were eaten by their fellows. 

One morning a Pantala nymph, in a glass half-full of water, 
was given seventy-five full-grown mosquito larvae. By noon 
fifteen were left and by seven o’clock in the evening all were 
eaten. This amount of food consumed during the day did not 

seem to satisfy the appetite of this nymph, as it eagerly de- 
voured an additional lot of mosquito larvae that were placed in 
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the glass. When procurable, from forty to fifty full-grown 

mosquito larvae were fed each day for several days in succes- 

sion to individual nymphs, and each time the amounts offered 
were eaten. 

In dissecting the nymphs from a certain locality it was 
found that Chironomus larvae formed the main food; in sever- 

al cases the number of larvae heads reached as high as twenty- 
five, fourteen to seventeen heads being quite commonly met 

with. In another district Cypris seemed to be the staple food, 
as these Crustaceans were found in great abundance in the 

digestive tract of both the Pantala and the Anax nymphs. As 
high as forty-eight whole specimens, together with a lot of 

crushed ones, were found in the stomach and crop of a single 
nymph. 

Summary and Conclusion. 

The data obtained on the food habits of the dragonfly during 
this research and recorded here, are by no means exhaustive or 

final, but they should be considered merely as a beginning 

of a study which has heretofore received little attention. Some 

idea of the food habits of this group of insects may be gained 
and something of their economic importance to the rest of the 
insect fauna under Hawaiian conditions realized. 

The foregoing tables will show the many species and genera 

of insects that the writer was able to identify among the re- 
mains taken from the digestive system of the dragonflies. The 
great importance of these predators in the destruction of nu- 

merous noxious forms is evident. Their extreme usefulness as 
destroyers of mosquitoes, however, 1s not fairly shown, for the 
reason indicated in the text. 
Summing up, it was found that the two species of dragon- 

fhes studied have a fairly wide food range among the insects 
of Hawaii. Only four of the twelve possible natural orders of 

insects are unrepresented in Hawaii. Of the orders present 

no representatives of the earwig, termites, lace-wing and grass- 
hopper families were discovered in the food eaten by the drag- 

onflies.. This insect might, however, draw on any flying group 
of insects for its food supply, and there is no doubt that if 
these researches are continued insects of the excepted groups 

will be found to be occasionally included. 

In addition to the insect diet, which is shown graphically 
in the charts, it will be seen that the nymphs feed rather ex- 
tensively upon other aquatic animals—those identified being 
Protozoa, Annulata, Mollusca, Crustacea, tadpoles and fish. 



LIST OF ERRATA 
p. 50, paragraph 4. Delete second sentence, beginning 

eQniy four,” etc. 

p. 41, footnote. Insert after “mentioned,” (1. 2) “Those 

found in alimentary canal.” 
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Plate II.* 

Fig. 1.—Fantala flavescens Fabr., preyed upon by Anax 
junius Drury. 

Fig. 2.—Part of an elytron of a beetle, species not deter- 

mined. 

Fig. 3—A mite. 

Fig. 4.—Agrion sp.; species of this genus are preyed upon 

by both Anax and Pantala. 

Fig. 5.—Poison fang of spider. 

Fig. 6—Fore wing of leafhopper, Perkinsiella saccharicida 
Kirkaldy. 

Fig. 7.—(a) Antenna of one of the smaller Staphylinids 
found locally. (b) Part of fore leg of same. 

Fig. 8.—Fore wing of Siphanta acuta Walk. (Fulgoridae). 
The shaded portion is that part which was found in the mouth 

parts of an Anax. 

Fig. 9.—Basal part of a Dipterous wing. 

Fig. 10—Distal part of a Dipterous wing. 

Fig. 11.—Fore wing of Draeculacephala mollipes Say, 
(Jassidae) . 

Fig. 12.—Seales of mosquito wing. 

Fig. 13.— Wing of a mosquito. 

Fig. 14—Fore wing of Nesophrosyne perkinsi Kirk. (Jas- 
sidae) . 

*In Plates II, III, and IV parts of insects and other animals as pic- 
tured are, except when otherwise mentioned, of either nymph or adult 

dragonfly. In those cases where only parts of wings were found, the 
wing whenever possible was completed from that part as found; the 
portion supplied is unshaded, while the actual portion found is shaded. 
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Plate IIT. 

Fig. 1.— Fore wing of a Hymenopterous parasite. 

Fig. 2.—Fore wing of a Psoeid. 

Fig. 3—(a) Antenna of male Chironomus hawaliensis 
Grims. (b) Wing of same; the shaded portion is that part 
which was found in the mouth-parts of a Pantala. 

Fig. 4—Fore wing of a Mymarid, probably of Paranagrus 
optabilis Perk. 

Fig. 5.—(a) Tarsus and part of tibia of an Aphid. (b) Fore 

wing of same. 

Fig. 6.—Antenna of a Psychodid. 

Fig. 7.—Lepidopterous seales. 

Fig. 8.—Wing of a Thrip. 

Fig. 9—Fore wing of Chelonus blackburni Cam. (Bracon- 
idae). This wing, together with the anterior part of the ab- 
domen of same, was found in the mouth-parts of a Pantala. 

Fig. 10—(a) Wing of Psammodius sp. (Scarabaeidae). 

(b) Part of fore leg of same. 

Fig. 11.—(a) Hair of the honey bee, Apis mellifica Linn. 
(b) Peeten of hind leg of same. (c) Tarsal claw of same. 

Fig. 12—Arista of an antenna of a Dipteron. 

Fig. 13.—Setaceous integument of a Dipteron. 

Fig. 14.—Part of leg of a Dipteron. 

Fig. 15.—Part of tibia of a Fulgorid (?) 
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Plate IV. 

Fig. 1—Fore wing of Merragata hebroides White (Naeo- 
geidae). 

Fig. 2—(a) Thorax of Pheidole megacephala Fabr. (b) 
Fore leg of same. 

Fig. 3.—Spiral shell (Mollusca). 

Fig. 4Cypris (Crustacea). 

Fig. 5.—(a) Posterior part of abdomen of Microvelia vagans 
White (Veliidae). (b) Leg of same. 

Fig. 6.—Mandible of nymph of Pantala flavescens Fabr. 

Fig. 7.—(a) Wing of a Dytiscid, species not recorded in the 
‘*Fauna Hawaiiensis.’’ (b) Fore leg of same. 

Fig. 8.—Part of elytron of a beetle, not determined. 

Fig. 9—EKuglena (Protozoa). 

Fig. 10.—Ventral aspect of larval head of Chironomus ha- 
waliensis Grims., showing the labium. 

Fig. 11— Wing of minute fly, species not determined, prob- 
ably of a species not yet recorded. 

Fig. 12.—_Sceales of fish, probably of Top Minnow. 

Fig. 13.—Wing of Dolochopodid, Liancalus sp. 

Fig. 14.—Mosquito larva. 
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CRUCIFERAE. 

Lepidium owaihiense Cham. & Schlechtend. in Linnaea I (1826) 

p. 129-190; Thellung Die Gattung Lepidium (1906) 297; Lepidium 

oahuense Hillebr. Fl. Haw. Isl. (1888) 10. 

Palmyra: Common only on Cooper and Strawn’s Islets on the 

open loose coral flats; a bush 1 to 1% feet high. It is always 
found in company with Boerhaavia tetrandra Forst. and Fleurya 

ruderalis Gaud. 

It was first collected on the Island of Oahu by Chamisso in 1816, 

but has since been found on the island of Laysan and now on Pal- 

myra; it is the only strictly Hawaiian species found on Palmyra. 

The Hawaiian name of the species is dnaunau or Anounou. 

Rock: (Flowering and fruiting July 12-28, 1913) No. 10277 in 
College of Hawaii Herbarium; also collected by Streets on Palmyra 
and Washington Islands, 1873-1874. 

SIMARUBACEAE. 

Suriana maritima Linn. Spec. Plant. I (1758) 284; Streets in Bull. 

7, U. S. Nat. Mus. (1877) 142. 

Palmyra: Collected by Streets only on Palmyra and Christmas 

Islands. Not a sign of this plant was seen by the writer. 

APOCY NACEAE. 

Ochrosia oppositifolia (Lam.) K. Sch. in Engl. et Prantl Naturl. 

Pfizfam. IV 2. (1895) 156, fig. K-M. Syn. Ochrosia borbonica (Spr.) 

Gmel. in Linnaeus Syst. nat. II (1791) 489. 

Palmyra: On the western end of Holei Islets, forming a dense 
forest; not observed on the other islets. It reaches a height of 50 

feet with trunks of 2 feet in diameter; flowers are whitish and very 

strongly scented. “Lhe tree branches at long internodes in whorls, 

each branch branching likewise; bark yellowish, rather thin and 
covered with lenticels. A few trees of Pisonia grandis R. Br. of 

huge dimensions grow in this somber forest of Ochrosia oppositifolia. 

Rock and Cooke (flowering and fruiting July 25, 1913) No. 
10279 in College of Hawaii Herbarium. 

CONVOLVULACEAE. 

Ipomoea glaberrima Bojer, in Hook. Journ. I (1834) 357. 

Palmyra: Very common on Papala Islet; also found on Cooper 
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and Eastern Islets. On the first mentioned it grows on the shores 
and covers the Tournefortia as well as some of the high Pisonia 

trees (see plate XX). On the last. mentioned islet it grows in the 

interior, where it becomes a large woody climber, its stems inter- 

twining and forming thick rope-like strands. On the lagoon side of 

one of the islets it covers the Pisonia trees, forming a dense broad 

wall down to the water’s edge. Its leaves are deeply cordate; the 

corolla is white. 

The species has been recorded from Hawaii by Guppy. 

BORRAGINACEAE. 

Tournefortia argentea Linn. f. Suppl.. (1781) 133. 

Palmyra: “The most common tree on all the islets, usually only 

fringing the shores, but also growing in the interior; along the 

shores the tree is not taller than 12 to 15 feet (see plate III), while 

in the interior of the islets it often reaches a height of 40 feet. It 

then developes trunks of more than a foot in diameter but rarely 

grows straight, usually branching a few feet above the ground and 

thus developes several large trunks, which are enclosed in a thick 

scaly bark, usually covered with lichens. It furnishes the sole fire- 

wood of the island. 
Rock (flowering and fruiting July 12-28, 1913( No. 10278 in 

the College of Hawaii Herbarium. ‘The Tahitian name of the tree 

is Tahinu. It is cultivated in the Hawatian Islands as an orna- 

mental tree. 
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DICOTYLEDONEAE 

URTICACEAE. 

Fleurya ruderalis (Forst.) Gaud. Bot. Voy. Uranie (1826) 497. 

Palmyra: On all the islets, in shaded places along the shores and 

in the interior of the islets. It is herbaceous throughout, but reaches 

a height of often more than 4 feet; the ends of its branches as well 
as the inflorescence are often bright red and very showy; especially 

common on Home Islet. Rock (flowering and fruiting July 12 to 

28, 1913) No. 10282 in College of Hawaii Herbarium. 

NYCTAGINACEAE 

Boerhaavia tetrandra Forst. f. Florulae insul. austral. prodr. (1786) 

My ZA0 

Palmyra: Common on Cooper and Strawn Islets, scarce or want- 

ing on the other islets. It occurs only on the open loose coral flats, 
in company with Lepidium owaihiense Cham. et Schl. Fleurya rude- 

ralis Gaud. and Monerma repens (R. Br.) Beauv. 

Rock (flowering July 12-29, 1913) No. 10273 in College of 
Hawaii Herbarium. 

Piscnia grendis R. Brown prodr. Florae Nov. Holl. I (1810) 422; 

icon apud: Endlicher, Iccnogr. generum plant. (1838) tab. XXX. Syn. 

Pisonia alba Span et P. silvestris T. B. 

Palmyra: On all the islets, more or less common; most abundant 

on Eastern Islet, where it forms practically the sole tree growth 

(see Plate IX). The tallest tree of this species is eighty feet im 

height and has a trunk of about 18 feet im circumference, (see 

Plate X1X. ) 

Rock (without flower or fruit July 12-28, 1913) No. 10274, 
Cooper (flowering and fruiting March, 1914) No. 10275 in College 
of Hawai Herbarium. 

PORTULACACHATR: 

Portulaca oleracea Linn. Spec. plant. I (1753) 445. 

Palmyra: Only one single plant observed, growing in the muddy 

bay (lagoon side) on Holei Islet. 



Pl. XX. 

Ipomcea glaberrima Bojer. This strong climber covers the tallest trees and has 
taken complete possession of one of the islets. 
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with these. “The fruits of the Palmyra Cocos are trigonal in shape 

and on immersion in a basin of fresh water floated upon one of its 

sides on the top of the water, scarcely submerging any portion of its 
surface. Consider from this how great their buoyancy must be in 

sea water. Moreover, in floating, the base of the fruit, by which it 

is attached to the spadix, remains completely raised above the water. 

In detaching itself, the fruit, it would seem, sometimes carries 

away the fruiting perianth, while on others the perianth is left ad- 

hering to the branches of the spadix; but in any case the periantn 

is easily detached from the fruit, leaving the cicatrix of its at- 
tachment on the latter. his is the only point of the surface of 

the pericarp through which water or aqueous vapor can penetrate 

its interior, all the surface of the pericarp being clothed elsewhere 

with a strongly resisting and water proof epidermis, on which the 

usual dots, which I have described on the Hyphaene and the 

Borassus, are to be noted. (Webbia, Vol. IV, p. 369). But if 

the cutinized surface of the pericarp does not permit absorption of 

water, at the same time it impedes evaporation. In exact corre- 

spondence with the cicatrix left by the fall of the perianth is the 
thinnest part or pore of the shell, to which corresponds also the 
radicle of the embryo. Between the cicatrix of the perianth and 

the pore of the shell the mesocarp is thicker than elsewhere, but is 

formed of longitudinal fibres more slackly united by a spongy tissue 

than on the periphery, so that the water, or the water vapor, can 

easily, by capillary action, penetrate at this point to the embryo. If 

the humidity of either kind happens to be impregnated with salt, 
the hygroscopic power of this tissue of itself favors the sprouting of 

the germ. In any case it is undeniable that the fruits of the Cocos 
nucifera can maintain themselves for a long period in a state of 

potential germination, and, at that, after having long wandered over 

the surface of the ocean. 

In the fruits of the coconut palm the point is the heaviest part, 

so that when they fall they lie on the ground inclined with their 

bases pointing uppermost. ‘This too is the position which planters 

of the coconut palm consider the best to secure germination of the 

fruit in planting it. Moreover the fruit germinates quite easily 

even lying on the surface of the ground uncovered with earth. 
Thus the coconuts, whether they remain uncovered, as when they 

fall from the parent tree, or, are thrown by the ocean billows on 

its shores, are placed at once in the position most favorable for their 

germination. 



Pisonia grandis R. Br. The biggest tree on Palmyra; the vegetation of Hastern 

Islet and Papala Islet consists mainly of this tree with Polypodium 
phymatodes covering the loose coral. 
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The size and shape of the Palmyra Coconuts are very variable, 

from what I can judge by the four fruits sent to me. One of these 

is very remarkable for its large size and for its extraordinary length. 

I do not think that I know in any collection of one that surpasses 
it in this respect. From Dr. Hill, Assistant Director of Kew, I 

learn that the Museum there possesses two very large coconuts, one 

of which is quite exceptional in size; it came from the Straits Set- 
tlements, and is 11 inches long (279 mm) by 14 inches across 

(355 mm); the other came from Annam, and measures 11 by 9% 
inches (or 279 mm by 24 mm).** 

The largest fruit from the Palmyras measures 36 cm. in length 

by 23 cm. in diameter, and weighs 1715 grams; is elliptical and 

has three very acute angles; it is rounded at the base, and at the 

apex shows three very high, almost winglike, ribs or ridges; the 
side-faces are almost flattened, one, indeed, is slightly concave. 

‘The second in size is almost heart shaped, very large at its base, 
and terminates in a distinctly pyramidal trigonal point; it has also 

the 3 very sharp angles; it is 30.5 cm. long by 24.5 cm. wide; it 

weighs 1133 grams. A third measures 33.5 x20 cm. and weighs 
1440 grams. A fourth has a very singular shape, being very long 

and slender, with a very acute trigonal pyramidal apex, the angles in 

the rest of the fruit being rather obtuse; it measures 33.5 cm. in 

length, but only 13.5 cm. in diameter. On the average these fruits 

are from 5 to 8 cm. longer than the common coconuts. 

In the medial transverse section one fruit (the third mentioned ) 

shows a clear trigonal shape with the mesocarp (the husk or fibrous 

covering) dense on the sides from 2.5 cm. to 3.5 cm., and 5 cm. to 

5.5. cm. on the angles; the endocarp or wall of the shell, is com- 
paratively thin and fragile and is not of uniform thickness through- 
out, measuring for % of the periphery 2 to 2.5 mm., and in the re- 

mainder, or in that part wherein the traces of the barren cells are 

included in its substance, measuring 3 to 5.4 mm. ‘The seed is, as 
I have already said, trigonal in shape, although it has very obtuse 

angles. “The albumen is much more developed than is usual; its 

walls being 15 mm. thick. As a rule the albumen is considered as 

very thick when it attains 11 to 12 mm. 
It is a well known fact that coconuts float on the waves, but I 

never thought their specific gravity was so low as it proves to be 

** The extraordinary diameter of the first mentioned leads me to suspect 
that it may be attributed to the development of all 3 of the ovules instead 
of one only. 
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GRAMINEAE 

Monerma repens (R. Br.) Beauv Ess. nov. agrostogr. (1812) 117. 

Palmyra: on all the islets, on the outskirts of the forests along 

the beach and on open flats in loose coral, in company with Lepidiuin 

owaihiense Cham. et Schl., Fleurya ruderalis Gaud. and Boerhaavia 
tetrandra Forst. (See plate XIII.) 

Rock (flowering and fruiting July 12-28, 1913) No. 10276 in 
College of Hawaii Herbarium. 

Only the young plants have a tendency to grow prostrate; the 
mature plants are all erect, often 3% feet in height; the spikelets 

are less acuminate than in the typical specimens of Monerma repens. 

It is the only representative of the family Gramineae on Palmyra. 
‘This species has also been reported from Laysan Island. 

PALMAE 

By O. Beccari (Florence, Italy.) 

Cocos nucifera L. sp. pl. Il (1753) 1188. forma palmyrensis. O 

Beccari, plates XVII, XVIII. 

As Mr. Rock has had some fruits of the Palmyra Coconut palm 
sent to me from Hawai, I believe that I am able to offer some 

observations about them which are not without interest. 

It cannot be said that the Coconut Palm of the Palmyras con- 

stitutes in itself so plainly distinct a variety from any other as to 

deserve a special name; it simply represents a local form: palmy- 

rensis. 

The fruits of the Palmyra Cocos nucifera are chiefly characterized 

by their large size, by their length, by their distinctly trigonal 

shape, especially at their apices, where the three edges almost take 

the shape of wings and by the great development of their fibrous 

mesocarp. “The external three cornered shape of the fruit is much 

accentuated even in the nut, and in the seeds, although the angles 

are less acute; while in nearly all other varieties the nut, and in 

consequence the seed, present, almost always, a circular transverse 

section™. 

* Prudhomme (le Cocotier, p. 22) mentions a variety of Cocos nucifera 
in the Nicobars which bears very large fruits having nearly the shape of a 
triangular pyramid; and, on page 30 he speaks of a Madagascar variety 
having a long shaped fruit, characterized by its 3 well defined ridges run- 
ning the whole length of the fruit, which is, however, but 25 cm. long, by 
17 to 19 cm. in diameter. 



Pl. XVII. 

1 eh titis 

Cocos nucifera L. forma palmyrensis Becc. 
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MONOCOTYLEDONEAE 

PANDANACEAE. 

By U. Martelli, Florence, Italy. 

Pandanus (Keura) Rockii Martelli n. sp. plate XV. 

A tree 8-10 m high, branching at the apex. Phalanges large, 8 cm 

long, cuneate, 6 cm broad at the apex, narrowing towards the base, 

grossly and acutely angled, as a whole pentagonal shaped, the ver- 

tex convex, free in the upper third portion and divaricate below, 

the lateral faces irregularly and acutely angled, narrowly and 

deeply longitudinally sulcate by the sutures of the locules, locules 

11-12, large, the outer ones often somewhat larger, prominent, sepa- 

rated by deep narrow furrows, rounded, pyramidal-hexagonal, sub- 

symmetrical, crowned by the slightly projecting, hyppocrepiform 

stigmas; endocarp bony, placed partly in the upper half, 3 em thick, 

rounded in the upper part, slightly rimose, almost even below. 

Habitat: Palmyra, on Holei Islet; collected July, 1913, J. F. Rock. 

Pandanus (Keuraé) pulposus Martelli var. Cooperi n v. plate XVI. 

Phalanges turbinate 7-7.5 cm long, gradually attenuate from the 

middle to the base, 3.5-5 em in diameter at the middle, somewhat 

rounded and free towards the apex, convex above, the lateral faces 

subsymmetrical and acutely angled, with narrow furrows running 

down longitudinally, forming the sutures of the drupes; locules 8-9, 

somewhat prominent, pyramidal, stigmas subhyppocrepiform especially 

on the outer locules, situated on the subrecurved vertex of the locules; 

endocarp bony, located pertly in the upper half, 2.5 em thick, irregu- 

larly rounded above, rimose, convex below. 

Habitat: Palmyra Island, H. E. Cooper, 1914. 

I have named the above described new species (P. Rockii) and 

the variety of P. pulposus in honor of Mr. J. F. Rock and Judge 

H. E. Cooper, the explorers of Palmyra Island. 

The specimens sent to me consist only of a few phalanges of the 

fruits, which however, are sufficient for identification, and show 

that the first is very closely allied to Pandanus carolinianus and 

perhaps may be only a local form of it; the other is slightly dis- 

tinct from the typical plant of Pandanus pulposus growing in the 

Marshall group. The seeds of these plants, I think, have been 

drifted by currents to the shores of Palmyra Island. In fact, the 

phalanges of the two Pandani named above belong to the Section 

Keura, which contains the species more adapted to resist for a 

long time the action of salt water, and which may float to the 

shores of the coral islands of the Pacific, where the species repre- 
sent one of the principal elements of the strand flora. 



Pandanus pulposus Martelli var. Cooperi Martelli. 
slightly reduced. 

els XVI. 
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MUSCI 

One single species of moss was found and collected by the 

writer on Palmyra. It is the only representative of the mosses, 

but was unfortunately not in fruit. It was sent on to Dr. Zahl- 

bruckner with the Lichens, but he has made no report on it. 

In the interior of some of the islets situated at the eastern end, 

the trunks of the tall coconut trees are densely clothed with this 

beautiful bright green moss. 

FILICES 

POLY PODIACEAE. 

Asplenium nidus L. Spec. plant. Il (1753) 1079. 

Palmyra: Extremely common on all the islets, but mostly terres- 

trial, also epiphytic. It forms the entire undergrowth in the in- 

terior on most of the islets (see plates VI, XII). 

On Palmyra this fern, when terrestrial, grows to a height of 6 

feet and even taller. 

Rock (fruiting July 12-28, 1913) No. 10,280 in College of 

Hawai Herbarium. 
Polypodium phymatodes Linn. Mantissa plant. (1771) 306. 

Palmyra: Not found on all the islets, but very common on 
Cooper and Holei islets (see plate XI), epiphytic and very large. 

It is terrestrial on some of the other islets on the loose coral clin- 

kers, but never growing very large (see plate XIX). 

Rock and Cooke (fruiting July 28, 1913). No. 10,281 in Col- 
lege of Hawaii Herbarium. 

Streets in Bull. 7 of U. S. National Museum, page 143, records 
Polypodium aureum L. from Palmyra and Washington Island. He 

evidently confused it with P. phymatodes L. 



Pl AV. 

Panadanus Rockii Martelli. 

slightly reduced. 
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assurgens, KHO in purpureum vergens; hymenium superne coerules- 

centi-nigricans, KHO purpureo-violaceum, caeterum decolor, guttulis 

oleosis non impletum, 80-110 uw altum; asci oblongo-clavati, 8 spori, 

sporae in ascis biserialis, fuscidulae, oblongae, rectae vel curoulae, 

diblastae, loculis oblongo-subquadranguléribus, cellulae dimidium fere 

aequantibus, isthmo tenui junctis, 15-22 u longae et 3-6 uw latae. 

Pyenoconidia ignota. 

Corticola. 

Accedit ad Pyxinom coccoes (Suv.), ab ea differens sporis minori- 

bus et thallo soralibus ornato. A cel. Dr. G. O. Malme, qui speci- 

mina vidit, pro specie distincta declarata. 

Physcia integrata var. sorediosa Wain., Etud. Lich. Brasil, Vol. I, 

1890, p. 142; Hue in Nouv. Archiv. du Muséum, ser. 4a., Vol. IV, 

1900, p. 638, tab. IV, fig. 3. Physcia integrata f. sorediosa Muell. 

Arg. in Engler, Botan. Jahrbuch., Vol. XX, 1894, p. 261. 

Thallus foliaceus, plagas, usque 10 cm létas formans, subirregu- 

laris vel plus minvs radiatim crescens vel stellatus et dein magis 

adpressus et laciniis magis linearibus convexisque circumdatus, al- 

bidus, glaucescens vel passim subflavescens, opacus, KHO superne 

flavens, crebre et irreguleriter laciniatus, lacciniis fere imbricatis, 

brevibus, 1-3 mm longis et 0.5-1.5 mm latis, pleniusculis, ad apicem 

latioribus, incisis, anguste sinuatis vel crenatis, soralibus rotundis 

vel subirregularibus, convexis, usque 3 mm latis, pulverulentis, dis- 

persis vel approximatis obsitus, isidiis destitutus, inferne niger et 

rhizinis nigris vel nigricantibus; ex hyphis longitudinalibus et con- 

glutinatis formatus munitus, utrinque corticatus, cortice superisve 

fere decolore, 16-30 (40) w alto, ex hyphis dense inspersis, perpen- 

dicularibus et septeatis formato, paraplectenchymatico (cellulis par- 

vis, 5.7 mw latis, subrotundis), superne strato tenui amorpho tecto; 

cortice inferiore fusco-nigrescente, strato corticali superiori paulum 

angustiore, paraplectenchymatico, cellulis parvis; medulla alba vel 

albida, K flavens, I-, ex hyphis densis, superficei parallelibus et ra- 

mosis, inspersis formata; strato gonidiali infra corticem superiorem 

sito, continuo, cellulis globosis, 7.10 wu latis. 

Apothecia parmelioidea, sessilia, dispersa vel approximata, rotunda 

vel rotundéta, 1-2 mm lata, ad basin leviter constricta, receptaculo 

laevi, thallo concolore; discus obscure rufus, rarius nigricans, opa- 

cus, epruinosus, a concavo subplanus; margo thallinus primum cras- 

siusculus, et inflexus, demum angustior prominulus, thallo concolor, 

ex integro leviter crenulatus, medullam et gonidia copiosa includens; 

excipulum integrum, lateraliter usque ad verticem hymenii adscen- 

dens et ibidem a margine thallim obtectum, bene evolutum, ex hyphis 

intricatis, maculis parvis praeditis formatum, I-; epithecium distine- 

tum non evolutum; hymenium superne fuscescens, caeterum decolor, 

guttulis oleosis non impletum, 110-140 wu altum, coeruleum, para- 

physes filiformes, densae, strictae, plus minus conglutinatae, esepta- 

tae, -ad apicem constricte articulatae, cellulis 1-2; asci anguste cla- 

vati, 8 spori; sporae in ascis biseriales vel subbiseriales, fumoso- 
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fuseae, subfusiformi-oblongae, ellipsoideo-oblongae vel obovoideae, ad 

apices angustato-rotundatae vel rotundatae, uniseptatae, loculis par- 

vis, subcornuto-angulosis, isthmo tenui junctis, 20-27 uw longae et 9-12 

mw latae. 

Pyenoconidia (fide Wainis) cylindrico-oblonga, utrinque obtusa, 

recta 3 uw longa et 1 uw lata. 

Corticola. 
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decolor; paraphyses tenuis, filiformes, sat dense ramosae, esepta- 

tae; asci oblongo-clavati, ad apicem rotundati et ibidem membrana 

leviter incrassata cincti, facile secedentes 60-64 uw longi et 16-19 wu 

lati, 8 spori; sporae in ascis 3-4 seriales, verticales, decolores, fusi- 

formi-oblongae, utrinque angustato-rotundatae, membrana fere cras- 

siuscula (ad 1.5 mw lata), cinctae, 9-10 loculares (loculis disciformi- 

bus), 33-37—(46) w longae et 4.5-7.5—(8) mw latae, I-vel lutescentes. 

Corticola. 

Graphis (sect. Eugraphis) palmyrensis A. Zablbr., nov. spec. 

Thallus crustaceus, uniformis, epiphloeodes, tenuis, 0.08-0.12 mm 

crassus (circa apothecia altius, usque 0.2 mm crassus), late effusus, 

lacteus, opacus (passim fortuito rubens), KHO-, Ca Cl, O.-, con- 

tinuus et submembranaceus vel rarius irregulariter et tenuiter rimu- 

losus, sorediis et isidiis destitutus, superne strato corticali, decolor, 

17-28 mw alto, ex hyphis tenuibus et intricatis formato et etiam in 

rimis descedente obductus; gonidia chroolepioidea, crebra, stratum 

crassum formantia, cellulis late oblongis ovalibus vel subirregulari- 

bus, concatenatis, hyphae medullae valde tenuies, non amylaceae. 

Apothecia numerosa, dispersa vel approximata, sessilia, primum 

crassiuscule, in speciminibus adultis angustino thallino-vestita, line- 

aria, 0.5-4 mm longa et 0.2-0.5 mm lata, ut plurimum simplicia, recta, 

subrecta, curvata vel hamata, rarius furcata vel triloba, utrinque 

acutata vel rotundata, nigra; discus angustus rimaeformis, niger, 

epruinosus, et a labiis excipuli angustis, a margine thallino-passim 

leviter secedentibus parum separatus; excipulum duplex, externum 

fuligineum, dimidiatum, lobis inferne plus minus truncatis, superne 

acutatis vel rotundatis, inflexis, non sulcatis, internum lutescens 

infra hymenium bene evolutum, sed angustum, lateraliter in excipu- 

lum externum aberens epithecium distinctum nullum; hymenium in 

sectione transversali subcordatum vel transverse suboblongum, su- 

perne fusco-nigricans, caeterum decolor, granulis minutis densisque 

impletum, 120-180 wu altum, I-; hypothecium angustum, decolor, ex 

hyphis dense intricatis formatum, minus pellucidum ut excipulum 

internum; paraphyses parum distinctae, simplices, eseptatae, ad 

apicem non latiores, conglutinat@e; asci oblongo-vel ellipsoideo-cla- 

vati, 8 spori; sporae decolores, digitiformi-oblongae, utrinque rotun- 

datae, rectae vel subrectae (8)-10 loculares, loculis late lentiformibus, 

I violascentes, 26-35 w longae et 7.5-8 mw latae. 

Pycnoconidia non visa. 

E sectione Eugraphidis apotheciis sessilibus, plus minus thallino- 

vestitis, hymenio bene insperso, sporis 10 locularibus et labiis ex- 

cipuli externi inferne truncatis distincta species. 

LECIDEACEAE. 

Bacidia medialis A. Zahlbr. in Denkschrift. math. naturw. Class. 

K. Akad. Wissensch. Wien. Vol. LXXXIII, 1909, p. 127. lLecidea 

medialis Tuck. apud Nyl. in Annal. Science. Nat., Bot., ser. 4a., Vol. 
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XIX, 1863, p. 46. Biatora medialis Tuck., Synops. N. Amer. Lich., 

Vol. Il, 1888, p. 182. Patellaria (Bacidia) medialis Muell. Arg. in 

Flora, Vol. LXVII, 1884, p. 467. 

Thallus epihloeodes, crustaceus, uniformis, tenuis, cinerascens vel 

glaucescens, opacus, KHO-, Ca Cl, O,-, verrucculoso-inaequalis vel 

rugulosus, sorediis et isidiis destitutus, in margine non bene limitatus 

nec linea obscura cinctus. 

Apothecia biatorina, adpresso-sessilia, dispersa vel approximata, ro- 

tunde, parva, 0.2-1 (1.2) mm lata, e plano demum leviter convexa, 

testacea, luteo-rubella vel rufescentia, fere opaca, epruinosa; margo 

proprius tenuis, integer, acutiusculus et vix prominulus, demum plus 

minus depressus, disco concolor vel paulum obscurior vel pallidior; 

excipulum ex hyphis radiantibus, conglutinatis et septatis formatum, 

subchondroideum, in margine rufescens, intue pallidum, gonidia non 

includens; epithecium distinctum non evolutum; hypothecium palli- 

dum, ex hyphis dense intricatis formatum; paraphyses capillares, 

conglutinatae, simplices, eseptatae, non clavatae; hymenium decolor, 

guttulis oleosis non impletum, 52-56 (80) uw altum, I e coeruleo vinose 

rubens; sporae colores, cylindrico-fusiformes vel subbacillares, rectis 

vel curvalis, 4 locularibus, 18-23 (36) uw longae et 2-3 (4) wu latae. 

Corticola. 

PHYSCIACEAE. 

Pyxine oceanica A. Zahlbr. nov. spec. 

Thallus foliaceus, substrato arcte affixus, radiatim crescens, pla- 

gas usque 11 cm latas formans, glaucescenti-albidus, opacus, KHO-, 

Ca Cl, O.-, pruinosus, tenuis, 0.13-0.15 mm crassus, laciniis margina- 

libus linearibus, 2-3 mm latis et 1-2 mm longioris, subplanis, ad 

apicem inciso-crenatis, caeterum plum minus confluentibus, paucira- 

mosis, convexis, versus centrum soralibus pulverulentis-griseis, con- 

fluentibus, plerumque obsitis, subtus fusco-niger, opacus, rhizinis in- 

crebris et brevibus, nigris, versus ambitum thalli pallidioribus muni- 

tus; cortex superior tenuis, 25-36 uw altum, ex hyphis tenuibus, valde 

inspersis, fere perpendicularibus et septatis formatus, maculas par- 

ves offerens; cortex inferior nigrescens, tenuis, 17-26, w crassum, ex 

hyphis longitudinalibus, 0.16-1.8 mu crassis, dense contextis formatus; 

medulla alba, KHO-, Ca Cl, O.-, hyphis medullaribus ad 1.5 w cras- 

sis, lepto dermaticis; rhizinae crassae, 80-110 mw latae, breves, ex 

hyphis longitudinalibus et conglutinatis formatae. 

Apothecia sessilia, lecideina, nigra, parva, 0.7-1.22 mm latae, e 

concavo subplana, ad basin leviter constricta; discus niger, sub- 

opacus, epruinosus, margo parum prominulus, integer, acutuisculus, 

persistens, gonidia non includens, inferne ex hyphis radiantibus, 

leptodermaticis et septatis formatus, maculas nigrescentes ibidem 

offerens, superne nigrescens, KHO obscure violaceus, extus strata 

tenui amorpho et decolore circumdetus; hypothecium crassum, rufo- 

fuscum, lateraliter in marginem fere usque ad verticem hymenii 
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LICHENES 

Auctore Dr. A. Zahlbruckner. 

PYRENULACEAE. 

Anthracothecium libricclum Mull. Arg. in Linnaea, vol. XLIII, 

1880, p. 48 et Pyrenocarp. Feéan. in Mémoir. Soc. Phys. et Hist. 

Natur. Geneve, vol. XXX, No. 3, 1888, p. 23; A. Zahlbr. in Sitzungs- 

ber. Kais. Akad. Wissensch. Wien. math.-naturw. Classe. vol. CXI, 

Abt. 1, 1902, p. 368. Pyrenula (Phrenastrum) libricola Fee, Essai 

Cryptog. Ecore. Offic., Supplem., 1837, p. 82, tab. XLI, Pyrenula fig. 

31. Verrucaria libricola Nyl. in Bull. Soc. Linn. Normand., ser. 2a., 

vol. II, 1868, p. 126. 

Thallus epiphloeodes, 0.1-0.14 mm crassus, subchondroideus, KHO 

e flavo plus minus sanguineus; stratum corticole decolor, ex hyphis 

tenuissimis, longitudinalibus et conglutinatis formatum, 27-36 mw cras- 

sum; stratum gonidiale angustum, ex hyphis tenuibus laxioribus et 

gonidiis chroolepoideis formatum, gonidiis passim intra elementa 

substrati penetrantibus. Excipulum integrum, fuligineum, primum 

subglobosum, demum plus minus tranvese late ellipsoideum, ad basim 

tenuius 24-30 mw crassum, in parte superiore circa ostiolum latius 

50-60 mw srassum, lateraliter thallino-vestitum, cum parte inferiore in 

substrato immersum. 

Corticola. 

CY PHELIACEAE. 

Cyphelium ignobile A. Zahlbr., nov. spec. Thallus crustéceus, uni- 

formis, epiphloeodes, crassiusculus, usque 1 mm altum, farinulento- 

amylaceus, friabilis, plagas minores, usque 4 cm latas, dispersas vel 

passim confluentes formans, subochraceo-cinerascens, fuscescenti-cin- 

erascens, rarius sublilacino-cinereus, opacus, KHO-, Ca Cl. O,-, 

areolato-diffractus, fissuris, altis, latiusculis et hiantibus, sorediis et 

isidiis destitutus, versus marginem sensim vel fere abrupte angusta- 

tus, linea distincta obscurisve non limitatus; stratum corticale 17-30 

m crassum, dilute lutescens, ex hyphis dense intricatis, tenuibus 

formatum, pulverulento-inspersum; gonidia palmellacea, globosa vel 

sulglobosa, laete viridia, 3-4 w lata, membrana tenui cincta, glomer- 

ata glomerulis fasciculis hyphorum congluti tinatorum perpendicu- 

laribus angustis interruptis, stratum crassiusculum formantia; me- 

dulla alba, crassa, I-, ex hyphis dense intricatis et inspersis formata. 

Apothecia in areolis thalli ut plurimum solitaria, verrucae apothe- 

cii gerae planiusculae vel concavae, primum disco thallum aequantia, 

demum cum paulum superantia, rotunda vel rotundata, 0.5-0.8 (1) 

mm lata, margine proprio distincta, angusto, albido, integro, acutius- 

culo, discum vix superante cincta, margine thallino distincto desti- 

tuto, discus fusconigricans, madafactus in fuscum vergens, planum 
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epruinosum; excipulum integrum, angustum, pallidus, dilute lutes- 

cens, ex hyphis tengentialibus, tenuibus et dense conglutinatis forma- 

tum; hypothecium sat pallidum, sordide fuscescens; hymenium in 

sectione transversali primum angustum, fere oblongum, demum dila- 

tatum; mazaedium fusconigrum, jam in apotheciis valde juvenilibus 

evolutum; ascus et paraphyses in speciminibus visis frustra quaesivi; 

Sporae ex hyalino mox fuscce, late ellipsoideae vel subrhomboideae, 

apicibus retuso-rotundatis, hinc inde subpapillatis, uniseptatae, cellu- 

lis aequalibus vel parum inaequalibus, guttula oleosa unica impletis, 

ad septum plus minus constrictae, septo passim pérum_ oblique, 

8.5-11 uw longae et 5.5-8 w latze. 

Pyenoconidia non visa. 

Corticola. 

A caeteris speciebus generis differt apotheciis in areolis thalli im- 

mersis et eas vix superantibus et deficiente margine thallino apothe- 

ciorum crasso. Dein pecliarris est areolatio thalli. Etiam sporis 

minutis congeneribus distat. 

GRAPHIDACEAE. 

Opegrapha Eonplendi Fee, Essai Cryptog. Ecorc. Offic., 1824, p. 25, 

tab. V, fig. 4, et Supplem., 1837, p.19, tab. 39, fig. 4 (exclus. syn.); 

Muller Arg. in Mémoir. Soe. Phys. et Hist. Natur. Geneve. Vol. XXIX, 

No. 8, 1887, p. 17; Shirl. in Proceed. Roy. Soc. Queensland, Vol. VI, 

1889, p. 197. Opegrapha Bonplandiae Nyl. in Annal. Science. Natur., 

Botan., ser. 42a., Vol. XI, 1859, p. 229 et Vol. XIX, 1863, p. 375, ser. 

SW Olle lso7, 9p. oso0, 1m Acta Soc. Scienc., Femic. Vol. Vil, 1863, 

p. 475, in Flora, Vol. XLIX, 1886, p. 2938 et Vol. LIT, 1869, p. 71 et in 

Bullen soc.) Mian, Normandie ser, 2a, Vol Ti. 1863) (p. 95; Hue in 

Nouv. Archiv. du Mvseum, ser. 3a., Vol. III. 1891, p. 171; Harm. in 

Bullet. Soc. Science. Nancy, ser. 3a., Vol. XIII, 1912, p. 59. 

Thallus crusteceus, vniformis, epiphloeodes, tenuis, 0.07-0.09 mm 

altus, maculas rotundatas formans vel effusus. glaucescenti-vel cin- 

erascenti-albidus, rérius virescens vel subflavescens vel (secundum 

Fee) cum actate fusco-aeneus, opacus, KHO-, Ca Cl. O.-, continuus, 

laevigctus. sorediis et isidiis destitutus, in margine nonnihil ob- 

scure limitatus; stratum corticale decolor. ex byphis valde tenuibus 

et intricatis formatum 18-24 mu crassum; gonidia inferiorem partem 

thalli oeccupantia. chrolepoidea, cellulis subglobosis, 8-12 yw longis, 

concatenatis, catenis plus minus involvtis. 

Apothecia sessilia, plus minus approximata, nigra, opaca, linearia, 

Jirellfe subrectae vel curvatae, simplices. bi-vel trifurcatae. usquve 

3 mm longeée, tenuies, 0.1-0.15 mm latae et fere totidem altae, in 

margine a thallo liberae; discus rimiformis vel passim parum dila- 

tatus et planiusculus. niger, opacus. epruinosus; excipulus fuligineum, 

integrum, crassum, lobiis superne involutis. ad basin truncatis non 

suleatis: epithecium distinctum nullum; bhvmenius decolor. dense 

granulato-inspersum, I sanguinea-cupreum; hypothecium angustum, 
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2:118. Segments smaller than usual. The species has its best de- 

velopment in the Indian Ocean. (Determined by Howe.) 

9. Dictyosphaeria favulosa (Ag.) Decaisne Class. des Algues, p. 32. 

1842. (Determined by Lyon.) 

10. Lithopyllum craspedium Fosl. forma abbreviatum Fosl. Cale. 

Algae from Funafuti, p. 7. 1900. This species has a reputation as a 

reef-builder in the Pacific and Indian oceans. It was first described 

from Onotoa, in the Gilbert Islands, and Funafuti, in the Ellice 

Islands. (Determined by Howe.) 

11. Lithophyllum Kaiserii Heyd. var. ? Lithothamnion Kaiserii 

Heyd. Corall. insbes. Melob. p. 64. t. III, f. 8, 12, 13. 1897. Approach- 

ing in habit L. Gardineri Fosl. forma subhemisphaericum Fosl. (De- 

termined by Howe.) 

12. Goniolithon frutescens Fosl. Cale. Algae from Funafuti, p. 9. 

1900. (Determined by Howe.) 
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FUNGI 

By H. L. Lyon. 

1. Auricularia adnata Lyon n. sp. Fruit-bodies plaster-like, oval 

or oblong, 3-6 cm broad and up to 18 cm long. Pileus adhering to 

the substratum throughout most of its extent but having a few 

narrow free lobes along its margin which are covered with short, 

tufted, grey and rusty brown hairs. Hymenium grey to lead colored; 

ridges low, much branched and intersecting to form small meshes. 

Spores not seen. 

On Tournefortia trees. 

2. Polystictus Palmyrensis Lyon. n. sp. Fruit-bodies pendant, 

broadly subconical, 2 to 25 mm in diam., gregarious, coalescing at 

their margins to form irregular, composite fructifications which may 

be 8 to 10 cm long by 3 to 6 cm broad, with a continuous but pitted 

hymenium and a roughened pileus with many crater-like points which 

are the points of attachment of the various units. Pileus of each 

unit attached near its center, distinctly marked with concentric 

ridges, straw-colored to light ochre-yellow. Hymenium more or less 

concave, with or without a distinct pit beneath the point of attach- 

ment, white to straw-colored; context fibrous straw-colored; pores 

round, 100 to 150 » in diam., varying in length from shallow pits at 

the margin to tubes 2 mm long in the center of the fructification 

with walls well supplied with prominent, granule-coated spines, 6-8 

wm wide and 16-26 uw long, which are strongly inclined downward. 

Spores not seen. 

The presence of spines in the pore walls would indicate that this 

fungus might be referred to the genus Mucronoporus EH. & E., while 

in shape and structure it agrees with Murrill’s Coltriciella. 

On Tournefortia trees. 

3. Melanconium Pandani Lev. Champ. exotiques Ann. Sci. Nat. 

Bot. 1845, p. 66. On fruits of Pandanus. 
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FLORA OF PALMYRA. 

The plant covering of Palmyra at the time of this exploration 

consisted of the 38 species hereafter described, of which 12 are 

algae, 3 fungi, 7 lichens, 1 moss, 2 ferns, and 13 flowering plants. 

There are doubtless a few more species of fungi and the lower 
forms of algae. Of the Cryptogams, | alga, 2 fungi, and 3 lichens 

are new to science and described herein for the first time. One 

new species and one new variety of Pandanus are described, and 

the coconut palm is reported by O. Beccari as a new form. 

‘The scarcity of marine algae was greatly surprising; brown algae 

were entirely absent, not a single Sargassum could be found any- 

where. Cladophora sabulosa, a green alga (described as new in this 

paper by Dr. H. L. Lyon), is the only conspicuous alea on 

Palmyra. It resembles a small round ball filled with sand, and 

rolls about loose in shallow water. “The two species of Halimeda 

enumerated herein grow on the edge of the lagoon between coral, 

while the two species of Caulerpa grow in the sand, usually in the 

channels between the islets. “There are undoubtedly a great many 

diatoms and other miscroscopic algae, but they are not embodied in 

this report. 

Only a few fungi were found. Several toadstools, together with 

a species of Hirneola, which were collected, were unfortunately lost. 
A number of botanists have collaborated in the identification of 

the plants collected on this expedition to Palmyra. In the follow- 

ing pages the descriptions of species are to be credited to the 

authors whose names appear under the headings of the various 

groups. [he remaining species were identified and enumerated by 
the author of this bulletin. The photographs reproduced in this 

bulletin, with the exception of plates XV, XVI, and XVII, XVIII, 

were taken by the author; the four plates mentioned were taken by 

U. Martelli and O. Beccari respectively. 
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ALGAE 

By Marshall A. Howe and Harold L. Lyon. 

1. Lyngbya gracilis (Menegh.) Rabenh. Fl. Hur. Algar. 2:145. 1865 

Filaments 5 to 7 mw in diameter; trichomes slightly constricted at 

cross-walls; cell contents rose colored when viewed by transmitted 

light. Growing on sand in carpet-like masses which are dark, red- 

dish purple in color. (Determined by Lyon.) 

2. Lyngbya confervoides C. Ag. forma violacea Collins. The Algae 

of Jamaica. Proc. Amer. Acad. Arts. Sci. 37:240. 1901. Filaments 

23 uw in diameter; trichomes 19 mw in diameter; cells 5 to 8 uw long; 

contents of cells bright violet. Plants in mass rose-colored, forming 

a skin-like covering on coral. (Determined by Lyon.) 

3. Enteromorpha plumosa Kutz. Phycologia generalis p. 300, t. 20, 

f.1. 1843. A form, smaller and less branched then the Adriatic type 

of the species, but seems scarcely to differ otherwise. The species 

has been reported, with some doubt, from the Hawaiian Islands (J. 

Ag. Till. Alg. Syst. 3:151. 1882). (Determined by Howe.) 

4. Cladophora sabulosa Lyon n. sp. Plants adhering together in 

compact, spherical colonies which catch and hold loose particles of 

send, thus forming soft sand balls, 2 to 3 inches in diameter, which 

roll about freely in shallow water. 

Plant body consisting of long, infrequently branched filaments 

which meander through the sand, and closely branched filaments of 

the typical Cladophora type which constitute the peripheral portion 

of the colonly and extend free beyond the sand. Filaments within 

the sand-ball infrequently divided, usually branching as in the genus 

Cladophoropsis of Borgesen. Cells in outer, vegetative portion of 

filaments varying from 100 to 180 uw in width but usually 125 to 130 u 

wide and three to five times as long, frequently producing haptera, 

either directly at their apices if they are in contact with another fila- 

ment or at the ends of slender, segmented, rhizoid-like filaments 

which may be produced to considerable lengths. These haptera tie 

the filaments together throughout the periphery of the colony thus 

forming a network in which loose particles of sand lodge. 

5. Caulerpa Freycinetii Ag. var. typica forma lata Weber van 

Bosse. Monographie des Caulerpes. Anns. due Jard. Bot. de Buiten- 

zorg 15:313. Pl. XXV, f. 5. 1898. (Determined by Lyon.) 

6. Caulerpa cupressoides (Vahl.) Ag. var. typica Weber van 

Bosse. Monographie des Caulerpes. Anns. du Jard. Bot. de Buiten- 

Zorg 15:327. Pl. XXVII, f. 1-3. Pl. XXVIII f. 1. 1898. (Determined 

by Lyon.) 

7. Halimeda Opuntia (L.) Lamour. Corall. flex. p. 308; Expos. 

meth. p. 27 t. 20, f. 1. More elongate and slender and the segments 

smaller and less lobed than in the typical form. (Determined by 

Howe.) 

8. Halimeda macroloba Decaisne. Corall. p. 91; Arch. du Museum 
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an inch in diameter. Plate LX shows a little bay on that islet with 

its peculiar vegetation. 

COOPER ISLET. 

Plates: Xo 26) eT and) Xe 

The largest islet and one of the most beautiful of the Palmyra 
group is Cooper Islet, which we named after our host, the owner 

of Palmyra, Hon. Henry E. Cooper. Cooper Islet is practically 

divided into two islets, once undoubtedly separate. The eastern 

and western portions of this beautiful islet are densely wooded, 

while the middle portion is composed of loose coral clinkers, with- 

out trees and only sparingly covered with a growth of Boerhaavia 

tetrandra, a creeper with thick root stock, and Lepidium owathiense, 

a low and bushy plant of the Cruciferae, first collected in, and a 

native of, Hawaii, but since found also on the islets west of Ha- 

wali, between the latter and Japan. Fleurya ruderalis grows also 

on these coral clinkers, but stunted, and with it, but more towards 

the lagoon side where the coral is mixed with white sand, grows 

the only grass on Palmyra, Monerma repens. Ferns encroach on 

this coral flat but remain stunted. On the border, the trees are 

covered with Ipomoea glaberrima, a morning glory which appears 

to be very destructive, killing off and checking the growth of its 

supporter. Cocos nucifera forms beautiful stands, with the fall- 

ing nuts covering the ground several feet thick, and germinating 

everywhere. Thousands of coconuts had germinated in the actual 

salt water, on the edge of the lagoon, where they are being 

washed about by the tide. “The sandy spits all along the lagoon 
side of this islet are covered with germinated coconuts in all stages 

of growth, till one reaches the dense and somber shade of the 

enormous groves of this magnificent palm. Here they appear to 

have no insect enemies whatever, the fronds are perfect and not 

ragged as in Honolulu, where they are attacked by the coconut- 
leaf roller moth. The nuts of the Palmyra coconut are the finest 

and the biggest the writer has. ever seen, which testimony is also 
given by the eminent authority, Dr. O. Beccari of Florence, Italy. 
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Ani kt. 

Eastern end of Cooper Islet. The sole vegetation consists of fine Coconut 

palms. Note the nuts scattered over the coral sands; some of them have 

already germinated. This picture was taken at low tide. 



‘
e
s
p
e
 

S$.10jB8M 
9
}
 

U
O
 

ST 
S
I
V
L
 

‘SsoyouRig 
JO 
Spuse 
9Y} 
W
O
I
]
 

A
[
[
N
J
o
o
v
1
s
 

ssuevy 
s
a
p
o
z
y
e
w
A
u
d
 

w
n
i
p
o
d
A
j
o
g
 

o
[
I
y
M
 

‘seel] 
puke 
puNnoIs 
9y} 
S1IdA0d snpiu 

w
n
t
u
a
j
d
s
y
 

‘ea}uabue 
e
l
z
u
o
j
o
u
u
n
o
]
 

o18 
SJURId 
PoAvE,T 
OSIL] 
ONL, 
“eIAWI[ed 
“Jo[S{[ 
JoOd00D 
Jo 
opis 
p
A
U
V
M
P
U
I
M
 

9
}
 

U
O
 



We 

the native Hawaian Kamani (Calophyllum inophyllum). On this 

western end of the islet the ground is composed of huge solid 

blocks of phosphate rock, with a layer of black humus two inches 

thick. According to the charts it was on this end of Holei Islet 
that a fresh-water pond was situated. We found, however, no 

traces of a pond, save a somewhat muddy circular depression which 

was overgrown with coconuts, ferns and Pandanus. At about the 

center of the islet (see plate V) is a beautiful bay fringed by coco- 
nut trees, Pandanus and large Pisonias, while the trunks of all of 

these are covered with bird’s-nest and Polypodium ferns. At low 

tide the whole beach is extremely soft and muddy, the foot sink- 
ing into the mud at every step. Many coconut trees had fallen to 

the ground and were still growing in this prostrate condition. It 

was in this bay that we observed the only specimen of pig-weed 

(Portulaca oleracea). ‘“Vhe eastern end of this islet is mainly 

covered by a Pandanus forest, the species being Pandanus Rockii 
Martelli, new to science (see plate VII). 

URIB) JeSiCia it. 

South and opposite Holei Islet are a few small islets with large 

coral-clinker flats. These are known collectively as Bird Islet (see 

plate VIII). Only a very small portion is covered with vegetation, 

the rest being bare coral fragments, the breeding ground of Sterna 

fuliginosa, the sooty tern. It lays only one brownish speckled egg 

in the bare coral or sand without building a nest. ‘This is by far 

the most numerous bird on Palmyra. Another tern, dnous stolidus, 
noddy tern) of black color with white occipital, roosts on branches 

of Tournefortia argentea. 

EASTERN ISLET. 

The eastern-most islet, which we named Eastern Islet (see plate 

IX), is rather long and very narrow. It is different from the 

other islets in its composition and is also propably the highest, 

about 5 feet above sea level. Coconuts are absent; the main tree is 

Pisonia grandis, which reaches a very large size, a few specimens 

of Pandanus growing with them and a few Tournefortia trees on 
the south side of the islet facing the ocean. he ground is covered 
with stunted specimens of Polypodium phaematodes; Ipomoea gla- 

berrima becomes a huge liana, its stems being twisted and about 
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black bill; it roosts in company with Sula piscator in ‘Yournefortia 

branches and lays one egg, while the other species, Sula cyanops, 

rather rare, has black and white plumage, makes no nest and lays 

usually two eggs in the bare sand, commonly in the vicinity of 

Monerma repens, the only species of grass on Palmyra. “The man- 

of-war or frigate bird (Fregata aquila L.) we found nesting on the 

tree tops, and watching for the return of the boobies, eager to rob 

them of their food. The Plover, the Wandering Tatler (Heteracti- 

tis incanus) and the Curlew (Numenius tahitiensis) can also be 
met with on the shores of Palmyra. ‘There is an entire absence of 

mosquitoes of any kind. ‘There are only two species of flies and 

these are not very common. ‘They belong to the Ortalidae genus 
Pterocallinae, one of which is known from Honolulu, where it 

breeds in the albumen of the coconut. A species of ant (Tetra- 

morium guinense Fab.) is very abundant but not a nuisance. This 

ant appears to feed on small inscets which live on the fronds of 

the bird’s-nest. ferns. Spiders are abundant, a few species spin- 

ning webs between branches and ferns; one large species sits on the 

broad leaves of bird’s-nest ferns watching for its prey. Crickets and 
crustaceae as well as earwigs abound, the latter under the bark of 
‘Tournefortia trees. Minute little flies sit on the beach sand and 

others fly about in the interior. One deserves special mention, it 

is of a brilliant green and has rather long legs, and was identified 

by the entomologists of Honolulu as Gnampsopsilopus patellifer. 

HOLE! ISLET. 

Holei Islet is one of the prettiest of the whole group and is 

probably the next largest in size to Cooper Islet, on the opposite 

side of the lagoon. 

It is on this islet that Ochrosia oppositifolia is found, and on 
this account we named it Holei Islet from the Hawaiian name 

Holei, given by the Hawaiians to another species of Ochrosia 

(O. sandwicensis), peculiar to the Hawaiian Islands. 
On Palmyra the former species, which, however, is widely dis- 

tributed over the islands of the South Pacific, occurs only on this 

islet and there only on its western end. ‘The trees here grow ia 
company with huge Pisonia grandis trees. “The Ochrosia trees 

branch at long internodes and in whorls, each single branch again 
branching likewise. The bark is yellowish, rather thin, and cov- 
ered with lenticels, the foliage is large, dark green, and resembles 
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the contents of which we found on the ground after our first night 
on shore. On penetrating farther inland we found the much talked 

of coconut crab (Birgus latro) which abounds in great numbers. 

‘They are quite harmless, unless one should deliberately stick one’s 

finger into their claws. We saw some of enormous size, especially 

on Hole Islet. “They are a delicacy much better than any lobster. 

While in pursuit of our luncheons we opened a few coconuts for 

milk and food and leaving them on the beach (lagoon side) on 

the white sand near the undisturbed shallow water, these nuts 

acted as bait for the crabs. Indeed huge ones emerged from the 

forest attracted by the coconuts, which they must have smelled. 

After we had killed a couple for food, we found out that Birgus 

latro is not only a vegetarian but has acquired a taste for his 
brother crab. 

In the interior of some of the islets where the undergrowth is 
not so dense, the ground is undermined and when walking along 

one is likely to sink a foot or more into the ground. ‘These pas- 
sages, which have large openings, are made by a big land crab a 

foot or so in diameter. It is a species of Cardisoma and may be 

identical with C. obesum, collected by Streets in the Fanning group. 

A very interesting feature was the many birds which inhabit 

these beautiful islets. The large blue billed Booby (Sula piscator) 
roosted on the branches of Tournefortia argentea on the lagoon 

side; they are extremely tame, as are all the other species of birds 

inhabiting Palmyra. Boobies which had no young, flew from their 
nests on approach, while those with young remained setting. On 

teasing them they become rather nervous and more than one gave 

up its last meal; in ome case consisting of five large undigested 

flying fish. The interior of Home Islet, like the rest of the islets, 
is inhabited by a beautiful white bird a little smaller than a pigeon, 

commonly known as lovebird (Gygis alba). “They are perfectly 

white, with black bill and black eyes. ‘This bird, which seemed to 
be the most curious of all, as it hovered continuously over one’s 

face, builds no nest and lays only one egg and that on the bare 
naked branches, some of which we found not to be thicker than 

an inch and a half. It is marvelous how this bird can balance its 

ege so that it does not fall off. As they are laid on branches of 
trees in the dense interior, they are protected from wind. 

Boobies, besides the very common Sula piscator, can be found, 

but not at all numerous. One Sula sula, is of a brown color with 
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which was undoubtedly used by the bird poachers in disposing of 

bird cadavers. 

From Home Islet as headquarters we explored the various islets 

and lagoons. The salient features of the larger islets are detailed 

below: 

HOME ISLET. 

Home Islet, on which our camp was located, lies at the south- 

western end of the atoll near the landing place. On it is located 

the Observation spot indicated on the map. ‘Ihe ground is com- 

posed of loose coral fragments, sand, and guano phosphate. “The 
loose coral fragments predominate, only on the eastern and lagoon 

side is there a strip of perfectly white fioury sand. “There seems 

to be no soil whatever nor any presence of humus. 
Nearest to the water line the islet, as are all the rest of them, is 

fringed by beautiful and rather large Tournefortia argentea trees, 

(a giant Heliotrope), and in the interior a few almost deciduous 

trees of Pisonia grandis, with leaves resembling Cordia subcordata, 

(the Hawaiian Kou) abound, with coconut trees 50 to 60 feet tall. 

The undergrowth is formed of huge Asplenium nidus ( Birds’ nest) 

ferns. ‘This is the typical undergrowth of most of the islets, and 

so tall are the fronds that it is impossible to gain a lookout; one 1s 

completely hidden and progress is only possible by throwing ones 

self backward into the mass of fern, emerging finally covered from 
head to foot with the fine brown spores of this fern. 

The Tournefortia trees are large, 30-40 feet in height, and lean 

right over the water, their leaves touching its surface at high tide. 

The center of the islet is a dense jungle of birdsnest ferns and 
Fleurya ruderalis, an herbaceous plant belonging to the nettle 
family (Urticaceae) which reaches a height of 3 feet. It occurs in 

great numbers and can be found on all the islets. On exploring 

the islet we were greeted by a multitude of hermit crabs (Coenobita 
oliviert Owen) dragging after them the heavy shell of Turbo argy- 
rostoma, which they prefer to the exclusion of all others. “They are 

red in color while a few other species less numerous are of a pale 

purple and other colors. A most annoying creature indeed is the 
hermit crab. They climb the trees and feed on the flowers of the 

Tournefortias, and at the same time are cannibals, two or three 

crabs attacking a fellow crab and tearing him out of his shell to 
be devoured. They attacked our bags of rice and other victuals. 



Interior of Paradise Islet. Note Coconut palms in all stages of growth. In the 

right hand corner Asplenium nidus. 
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In very shallow water baby sharks abound, some 4 feet in length 

which are very annoying on exploring trips. Stepping on their 

heads, or when a number appear at one time, beating the water 

with the mid ribs of coconut palm leaves, suffices to frighten them 
away. 

In the lagoons coral heads are to be found only on the western 

sides, the eastern sides merge gradually into white sand. 
During our stay on Palmyra we established a rain guage, which 

registered as follows: 

i) iby "1iGe wee ois eee eee Peer ee 0.98 in 

nee Wee Pe nen Ph Wea a i 0.4555 
ve VOUS Sak et SU Se eee a Ois ois 

peta) he Tesemaaete SIP 0:03 
DC NUQOLE Ete cee iy ee vale ene 0.47 “ 
TT Ae a bso 
Wy 2 Dee eal tS 6 oes ok eee ee 0.41 “ 
PU Tey 2s Weta ie Neh edi Wi) eRe 0.08 “ 
NO TEE Tatton cc) a eee 0.00 “ 
A id Si eae ot ie aa ea 0:00, * 
EO DO ohn tee Minas Phy ote See OMe 

The maximum temperature observed was 90° reached on two days, 

and the minimum of 78° occurred during the night. 
Little was known regarding the vegetation of Palmyra. On one 

map one islet is marked as wooded, from which it is to be in- 

ferred that the rest of the islets are barren. However, a man who 

had visited the island years ago stated that all of them were 

wooded. On questioning the captain of the “Luka’, who had 
visited the island once before, it was learned that there were plenty 

of trees and vines. ‘The first view of the island was a surprise, for 

nearly all the islets, with the exception of the very small ones, are 

desenly wooded. 

The first larger wooded island on which we landed, later named 

Home Islet, was decided on as the most suitable for pitching our 

tent since it received the benefit of the southeast trade winds. On 

Home Islet were signs of previous habitation. We found a wooden 

shack, covered with corrugated iron, full of wood and boxes with 
Japanese characters written on them; the place was surrounded by 

huge oriental jars 31%4 feet high, a few broken, others in good con- 

dition and full of rain water. Behind the shack was a dug out pit 
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The chart in this bulletin (frontispiece) is based on these two 

older maps, corrected according to our findings. 

On the western side Palmyra is bounded by an extensive Hat 

coral reef, consisting of huge coral blocks or heads which rise to 

the surface of the water. ‘This coral flat extends about 3 miles 

from the shore line, at which distance the depth of water is about 

6-7 fathoms at high tide. “The coral heads which issue from that 
depth nearly to the surface of the water are often 5 feet or more 

in diameter; they become more numerous near the shore, where 

the water becomes very shallow. It is at this place only that a 

landing ican be euected, and that only at high tide; at any other 

time no boat can pass over this coral flat nearer than to within a 

mile of the shore. 

A reef, over which the waves break continuously, extends the 

whole northern side of the island or group of islets, as well as along 

the whole length of the south and southeastern sides. On the lat- 

ter side the breakers, which roar day and night, are only a few 
hundred feet from shore. ‘The protection afforded by the land from 

the prevailing southeasterly and northeasterly winds makes it less 

dangerous for vessels to anchor at the western end, where, as already 
mentioned is located the only boat landing. 

On the lagoon side, the islets are often surrounded by a narrow 

strip of perfectly white sand, which runs out into sand spits; at 

high tide this sand is covered with only about 10 inches of water, 
at low tide the depth of water is less than an inch, and in certain 

places the sand is exposed. It is on these flat sand spits, which 

reach the edge of the lagoon, that Holothurians abound in great num- 

bers, mostly the black ones; the red ones are rather rare. In these 

warm shallow waters large balloon fish swim lazily about, blowing 

themselves up when touched and rolling about helplessly; this is 

also the home of the eel, of which there are several species. In the 

shallow bays where the bottom is muddy, thousands of mullets swim 
about, often jumping out of the water. Nothing is more interesting 
than to watch the marine life and fishes on the edge of the lagoons 

where the water is clear as crystal and where one can see the bot- 

tom several fathoms below. [he most, marvelously colored fishes 
abound. ‘The shark is, however, not absent and frequents the nar- 

row channels between the islets, which are usually waist deep. It 

is better to walk around these channels, especially at high tide, 

when walking from one islet to the other, rather than to cross them. 





DESCRIPTION OF PALMYRA ISLAND. 

On the invitation of the Hon. Henry E. Cooper, at that time 
President of the Board of Regents of the College of Hawaii, the 

owner of the Island of Palmyra, the writer accompanied him and 

Dr. C. M. Cooke, Jr., on a journey of exploration to Palmyra. 
We started on the 3rd of July, 1913, in the power schooner 

“Luka”, a vessel 70 feet in length, with a crew of seven including 

the captain. After an uneventful voyage, during which we met no 
vessel of any description, we sighted Palmyra on Friday afternoon, 

July 11th, at about 5 o’clock. Long before the Island was visible 
we saw flocks of birds flying in the direction where we knew 
Palmyra must be situated. Owing to the late hour of the day, 

our ignorance of the lay of the land, and the dangerous character 

of the reefs, it was impossible to effect a landing that night. ‘The 
Luka” lay to, and the next morning, Saturday, July 12th, we 

dropped anchor in 6 fathoms of water about 11% miles from shore, 

off the western end of the Island. 

The Island of Palmyra is a regular coral atoll and consists of 

approximately 52 islets, which enclose three large lagoons and one 

very small one; the deepest place is in the first (western) lagoon 

with 28 fathoms. In one of the lagoons are several small coral 
islets which are submerged at high tide, but exposed at low tide. 

The highest point is on Eastern Islet and does not exceed 5 feet. 
Palmyra atoll is approximately 5% sea miles long, by 1% sea miles 

wide. The largest islet comprises +6 acres, while the smallest 

covers only 0.47 of an acre. 

‘Two charts were at our disposal: one, made in 1874, gave the 

following position (Observ. Spot), Lat. 5° 18’ 38” North, Long. 
162° 10’ 32” West, mean rise and fall of tide 1 ft. 5 ins.; the other 

chart, made by H. B. M. S. Egeria in 1901, gave the position as 
Lat. 5° 52’ 18” North, Long. 162° 5’ 55” West. The southwestern 
portion of Palmyra presented to us a quite different aspect from 

what the first chart (1874) showed, but coincided with the second 
map. he northeastern portion also had changed, the larger islets 

indicated on the 1874 chart had divided into smaller ones, as shown 

on the Egeria chart of 1901. Several smaller islets had, however, 
been omitted on the latter map, and a few, especially Holei Islet 

incorrectly drawn. 
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In the year 1889, however, Palmyra was annexed to Great 

Britain by Commander Nichols of H. B. M. S. Cormorant which 

was cruising in the neighborhood of the Island. Commander 
Nichols, finding the place without any inhabitants, took possession 

in the name of Victoria, Queen of Great Britain and Ireland, 

Empress of India, Defender of the faith, etc. It did not remain 

long in the possession of Great Britain, if indeed it can be said ever 

to have been a part of the British Empire, for when the United 

States of America annexed the Hawaiian Islands, Palmyra was 
specifically mentioned in the President’s message to Congress (Senate 
Dec. 16, 1898, 55th Congress, 3rd session, transmitting the report 
of the Hawaiian commission, in which the names of all the Islands 

(including Palmyra) are given. 

Palmyra was once in the possession of the Pacific Navigation 

Company, who sent a man named Dillon in September, 1885, undex 
contract for one .year to Palmyra. 

He agreed for that space of time to cut firewood, catch shark, 
fish, birds, etc., to plant coconuts, make a strong effort to find pearl 

shell, coral, etc. Dillon and his wife went to Palmyra, where they 

remained one year, returning to Honolulu the latter part of 1886 
or early in 1887. Under date of October 25, 1886, Dillon re- 

ported coconut trees on the Island as follows: 

Wangestrees tim -huillll pears eee tenes 2100 
Shooelh feees wal seullll Mover see ec 1000 
Old trees not bearing. 32s eee 500 
Voung treesonot) Dearing 5 ae meee 6000 

He stated that he had planted only 200 trees himself. “The Island 
today is covered with at least 25,000 bearing coconut trees, which 

certainly cannot be the offspring of the 200 planted by Dillon who, 

moreover, stated that he planted them on one islet only. 
The Island of Palmyra is now owned by the Hon. Henry E. 

Cooper of Honolulu, with whom the writer was priviledged to ex- 
plore that wonderful atoll. 

In the Land Court of the Territory of Hawaii is the following 
description of the above mentioned property: 

“Palmyra Island north Pacific Ocean consists of a group of islets 

surrounded by a coral reef which extends about 53 sea miles in 

an easterly and westerly direction and is about 14 sea miles wide. 

The point of observation is about midway between the ends of the 

reef on the south side of the island and is north lati*ude 5° 49’ O04” 
and west longitude 162° 11’ 29”.” 



DESCRIPTION OF PALMYRA 

ISLAND. 
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said Zenas Bent to take possession in our name of Palmyra Island, 

the said Island being situated in longtitude 161° 53’ west and in lati- 

tude 6° 4’ north not having been taken possession of by any other 

government or any other people, by erecting thereon a short pole 

with the Hawaiian flag wrapped round it and interring at the foot 

thereof a bottle well corked containing a paper signed by him in the 

following form viz: 

Visited and taken possession of by order of His Majesty King 

Kamehameha IV, for him and his successors on the Hawaiian throne 

by the undersigned in the Schooner Louisa this day of............ 

US Gis saan 

In witness whereof we have hereunto set our hand, conjointly 

with our Kuhina nui and caused the great seal of the Kingdom to be 

affixed this 1st day of March A. D. 1862. 

(Signed) Kamehameha 

Kaahumanu. 

By command of the King and the Kuhina nui 

L.Kamehameha. 

(Seal) 

In transmitting this commission the Minister of the Interior wrote 

to Bent and Wilkinson as follows: 

Interior Office, 

Honolulu, March ist, 1862. 

Gentlemen :— 

I am instructed by His Majesty’s Government to acknowledge the 

receipt of your petition of the 24th ult. and to inform you that in 

Cabinet Council held on the 27th ult. at the Palace the above men- 

tioned memorial was considered and discussed and I am authorized 

to state on the part of His Majesty’s Government that they consent 

to the taking possession of the Island of Palmyra, situated in longi- 

tude 161° 53’ west and in latitude 6° 4’ north as described by you in 

said memorial, for the purpose of increasing the trade and commerce 

of his Kingdom as well as offering protection to the interests of its 

subjects. 

I have the honor to forward with this dispatch the authority under 

the Royal Sign Manuel to Zenas Bent, Esq. to take possession of the 

above mentioned Island of Palmyra, and beg to request that you will 

after having executed the orders contained in the commission, you 

will report the fact to the Department. Hoping that the enterprise 

may prove successful, I beg to remain, 

Gentlemen, 

Your obt. servant, 

L. Kamehameha. 

To Messers. J. Wilkinson and Zenas Bent. 
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It appears that Capt. Zenas Bent sailed on or about the day on 

which the commission was dated, for Palmyra, to take possession in 

the name of the King. A pole was erected with the Hawauan flag 
wrapped around it and a bottle was buried at the foot of the pole 

containing a paper signed by Zenas Bent. which read as follows: 

“This Island is taken possession of by order of His Majesty King 

Kamehameha IV. for him and his successors on the Hawaiian throne 

by the undersigned in the schooner Louisa this 15th day of April 

A. D. 1862. 

(Signed) Zenas Bent” 

The following paragraph comprises Captain Bent’s report to the 

Department of the Interior: 

“By correct observation I found the Island to be latitude 5° 50’ 

north and in longtitude 161° 53’ west. The island is about 10 miles 

in length, six in breadth, the eastern end rises about 20 feet above 

the level of the sea; the landing is on the west end and a vessel 

can lie in perfect safety in three fathoms of water. 

The trees on the Island are coconuts, puhala, and a species of 

Koa*. All kinds of vegetable will grow in the Island. I planted 

some beans, corn and water melons. 

I erected a dwelling house on the Island and also a curing house 

for biche de mer. I left on the Island one white man and four Ha- 

walians who are engaged in curing the biche de mer. 

I propose returning to the Island in about 10 days. 

I have the honor to remain your obedient servant, 

Z. Bent. 

Honolulu, June 16, 1862.” 

The following proclamation was then issued by L. Kamehameha, 

Minister of the Interior, on June 18, 1862: 

“Whereas on the 15th day of April 1862 Palmyra Island in latitude 

5° 50’ north and longtitude 161° 53’ west, was taken possession of, 

with the usual formalities by Capt. Zenas Bent, he being duly au- 

thorized to do so, in the name of the Kamehameha IV. King of the 

Hawaiian Islands. 

Therefore, this is to give notice that the said Island, so taken 

possession of is henceforth to be considered and respected as part of 

the Domain of the King of the Hawaiian Islands.” 

* ou was evidently meant instead of Koa. There is indeed a tree very common on 
Palmyra which greatly resembles the Kou (Cordia subcordata). It belongs, however, to 
a different family altogether, and is Pisonia grandis. ‘There is no tree on Palmyra which 
resembles the Koa (Acacia Koa) unless it be Suriana maritima, a shrub which has how- 
ever entirely disappeared ; it was recorded only by Streets from that Island. 



PREFACE 

Little or practically nothing was known regarding the natural 

history of Palmyra Island, an American possession in the north 

Pacific Ocean, though visited several times by various persons. Ail 

the reports brought back by these parties were rather meager and 

dealt mainly with commercial possibilities. “The following pages 
are the result of a more or less thorough investigation carried on 

during a stay of sixteen days on the Island. While, of course, not 

complete in data it is hoped that the facts published herewith will 

add to the general knowledge already existing about coral atolls. 

Jo ¥ ROGGE 

Honolulu, T. H., April 10, 1916. 



HISTORY OF PALMYRA ISLAND* 

Palmyra or Samarang Island was discovered by Captain Sawle 
of the American vessel Palmyra on November 7, 1802. Since that 

date it seems that the island has been visited only at long 

intervals. According to the records found on the island by the 

Hawaiian Commission in 1862, Palmyra Island was taken possession 
of for the United States Government by Dr. G. P. Judd, the agent 

of the American Guano Company, who visited the Island in the 

brig Josephine. A notice to that effect and the American flag were 
left on the Island. “The following is a copy of the notice: 

BE IT KNOWN TO ALL PEOPLE 

that on the 19th day of October A. D., 1859, the undersigned, Agent 

of the American Guano Co., landed from the brig Josephine, and hav- 

ing discovered a deposite of guano thereon, doth, on this 20th day of 

October aforesaid take formal possession of this Island, called 

“PALMYRA” on behalf of the United States, and claim the same for 

said company. 
(Signed) G. P. Judd 

Agent A. G. Co. 

Witnesses: 

C. H. Judd 

R. Drysdale, M.D. 

W. C. Stone. 

On Wednesday, February 26th, 1862, the Hawaiian Cabinet 

Council met at the Palace, with the King (Kamehameha IV) pre- 

siding, consisting of Prince Lot Kamehameha, Chief Justice Allen, 

Mr. Griegg and Mr. Wyllie to consider a petition from Z. Bent 

and J. Wilkinson, requesting that Palmyra become a Hawaiian 
possession under the Hawaiian flag. ‘This petition was granted, 

notwithstanding the fact,—of which the Hawaiian Government 

appeared to be ignorant,—that Dr. Judd had taken possession of 

Palmyra in the name of the United States three years prior to the 

reading of this petition. 

The following is a copy of the Commission of Zenas Bent: 

Kamehameha IV. By the grace of God, of the Hawaiian Islands 

King: 

To all whom it may concern: 

KNOW YH, that we have authorized and empowered our faithful 

subject Zenas Bent and by these presents, do hereby empower the 

* The history of Palmyra was compiled from documents in the government archives of 
Honolulu and other sources. 
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INTRODUCTORY 

The College of Hawaii, although a Land Grant College, has no 

agricultural experiment station. There have never been funds for 

research work. It is impossible to teach agriculture, especially in 

Hawaii, without carrying on experimental work. The results given 

herein have been obtained without financial support adequate to the 

proper pursuit of agricultural research, or the services of men de- 

tailed thereto. They are a by-product of College teaching and are 

necessarily fragmentary and concerned with many phases of agri- 

eultural work. 
The facilities for giving instruction are very good and are 

yearly being utilized by an increasing number of students. The 

clearing of new fields and the increasing number of farm animals 
make the opportunities for research greater each year. This report 

deals only with the results of various lines of investigation on the 

College Farm, and as it is the first report ever published in bulletin 

form by this Department, the liberty is taken of including some 

material dating as far back as July, 1916. This inclusion seems all 

the more important when it is considered that the material involved 
has never been published except as.fragmentary items in the press, 

and never in a form in which it would be permanently and readily 

available. | 
GROUNDS AND BUILDINGS. 

Land: About sixty acres of the College land located between 

the College Buildings and the Manoa stream have been reserved for 
the Farm. About one third of this is now available for growing 

crops. Another part is used for pastures, which are well fenced. The 
rest is still covered with rocks, cactus, weeds and other vegetation, 

and must be cleared before any use can be made of it. 

Irrigation: A twelve-inch irrigation line from the Manoa stream 
with its various five-inch lateral branches provides water for nearly 
all the fields now in cultivation. 

Buildings: These consist of a piggery, milking shed, dairy, horse 

stable, feeding shed for cattle, tool house, poultry house, two machine 
sheds and four cottages for eau laborers. 

Livestock: ‘The College possesses a herd of fine dairy animals 
of both the Holstein and Guernsey breeds, Tamworth ond Berkshire 
hogs, and four work horses. 

Machinery: The College Farm is well eanunped with the usual 

lines of farm machinery, including a Cleveland Caterpillar tractor. 

i! 



ALFALFA. 

Alfalfa has been a most valuable crop on the College Farm. The 

forage is very desirable as a milk producer and large yields are pro- 

duced annually. Peruvian alfalfa seems to be a splendid variety 
for Hawaii. On the College Farm the varieties have given the fol- 
lowing average yields: | 

1916 1917 

Yield in tons of Yield in tons of 
green fodder No.of crops greenfodder No. of crops 

Variety (acre basis) during year (acre basis) during year 

Peruvian) 208 heat ee eee Frees OTE E Bile Or 8 40.78 9 
ROR NEY Mee Meee ner meee Sh Va nea 40.50 6 uae ; 
CE INSIAIS” cv 5) lS REMORSE NOIRE is GR. cose" Peay) i 38.98 9 
AUStralian’ OAR gens Mumma en ea R OE 31.00 it 27.43 8 
JA TT aT pn eine a kites ch 8 47.50 ri 38.12 9 

ELair ye Perugia seen oketel a eerie ud oie: Bk ae : 38.83 7 

Repeated tests show that the green weights given in the above 
table are four times as large as the amount of dry alfalfa hay that 

would result if the green forage were cured into hay. 

Alfalfa in Hawaii is remarkably free from insect pests and plant 

diseases, and the cost of production, once a field is established, is 

very reasonable. The cost of establishing a stand of alfalfa on weedy 

and rocky ground has been as high as $100 per acre, but after a field 
is once established it needs very little further attention and main- 

tains itself many years. Our best field of Peruvian alfalfa produced 
54.88 tons green forage per’acre in 1916 and the same field produced 
41.95 tons in 1917. The cost of production for man labor, horse labor 

and fertilizer (barnyard manure) follows: 

1916 1917 

Tons, produced, (freer, (Orage) ieto. serie alee 2 aoe 68.92 92.57 
Miata STD OT cams seh ae cnt aot ce pa an oe eee $4.82 per ton $2.23 per ton 
FOS e* "le WO ats eee ce es ce ae eae 88 .58 
Mertiliwer awe ad 4. SO Re RS IE CEE isa 44 

$6.03 per ton $3.25 per ton 

CORN. 

In view of the importance of corn as a food crop and the ra- 
pidity with which it can be grown special efforts were made to 

develop or find a variety which would prove a sure crop on the low 
lands of this Territory. On the Island of Kauai a variety of Guam 

eorn has been grown with much success, and the higher elevations 

of Maui and Hawaii produce splendid crops of corn every year. But 

cn the lower lands of this Territory the probabilities of failure were 

greater than those of success when growing the ordinary corn belt 

varieties of corn. The usual behavior is for the corn plant to grow 
to a height of about one to three feet when elongation of the stem 
seems to cease resulting in the leaves being bunched at the top; the 
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leaves are usually variegated in color (stripes of hght green running 

horizontally through the leaf), some leaves become distorted in shape 

with corrugations running perpendicular to the long axis of the leaf, 
and before long they begin to turn white and die. The plant seem- 

ingly realizing that death is near makes a last feeble effort to re- 
produce itself; the flowering tassel is sent up though the plant may 
be only a foot tall, following which the feeble struggle against ad- 
verse conditions is over and the plant dies. Occasionally such a dis- 

eased plant may survive long enough to produce something of an 

ear but this is unusual. Just what these adverse conditions are in 

a region of favorable temperature, sufficient moisture, plenty of sun- 

shine and apparently good soil is still something of an unsolved 
problem. The leaf hopper is undoubtedly a big factor, for stunted 
plants are almost invariably covered with leaf hoppers, but whether 

the hoppers are the primary cause or merely come on after the plant 

has been weakened by other causes is still unknown. The work at 

the College has been along the line of trying out various varieties of 

corn from different parts of the world and among these varieties some 
seed corn obtained from Cuba has given by far the most promising 

results. The results of tests of different corn varieties is briefly 
given below. 

June Corn. 

This corn was obtained from Mr. Ernest Romberg of Muldoon, 
Texas, where it is locally known as June corn. Mr. Romberg re- 

ported that it matures in 110 days in Texas and that it is probably of 
Mexican origin. It is a white dent corn with some ears showing 

decidedly flinty characteristics. The ears received averaged 84.7% 
kernels. The corn was planted December 30 and harvested April 23, 

making the time of maturing 114 days. Some stalks grew to a 

height of 6 feet, but many were only two feet tall and showed the 

peculiar characteristics described above as being common to most 
corn belt varieties when grown on the lowlands of Hawaii. The 

yield was very poor—only 11.8 bushel on an acre basis. The husks 

have a great tendency to open before the corn is harvested, which 
results in many of the ears being infested with the larva of the grain 

weevil while still in the field, in addition to the loss due to birds 

eating the exposed tips of the ears. The leaf hoppers were not par- 
ticularly abundant on this field, probably due to the good work of the 

300 leaf hopper parasites liberated in this field on January 25 by 

Mr. HE. M. Ehrhorn and Mr. D. L. Fullaway of the Board of Agri- 
eulture and Forestry. 

While this variety of corn cannot be considered a success from 

this test the fact remains that it proved better than anything else 

we tried with the exception of the Cuban and Guam varieties to be 
reported on below. 
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New Era Yellow Dent Corn. 

This corn was developed and grown with a great deal of success 

by Mr. F. G. Krauss at a substation of the Hawai Agricultural Ex- 
periment Station located at Haiku, Maui, at an. elevation of about 
GOO. feet. 

Two plantings of this corn were made on the College Farm, one on 

January 30th and the other on February 27th. The behavior in both’ 

cases was the same. When the corn was about one to two feet tall 

the leaves became distorted in shape with light green stripes and 

the flowering tassel was put forth. Only a very few stalks attained 
a height of four feet and none produced mature ears. Many plants 

started ears, however, and these were about half developed when 

the plant died. Leaf hoppers were very abundant. 

Gerrick Prolific Corn. 

The seed of this variety was obtained through the courtesy of 
Mr. C. P. Hartley of the Bureau of Plant Industry of the U. S. De- 

partment of Agriculture. It is described as being a long season 
prolific type of corn grown largely in the Southeastern and Gulf 

States. | 

We planted the seed on February Ist and it grew fairly well 
for seven weeks when the plants began to develop the typical char- 

acteristics described above. ‘Tassels were produced even though 
the tallest stalks were only 3 feet in height. Leaf hoppers were 
very abundant. No ears were produced by this variety. 

Laguna Corn. 

This seed was obtained from the U. 8. Department of Agriculture 
and planted March 24th. Leaf hoppers were very abundant from 

the beginning and by June 8th 75% of the plants were dead. How- 

ever, the balance of the plants struggled along, and by July 9th 
had matured a few ears—105 days after planting. The yield on an 
acre basis was practically nothing—3l% bushels, but even this low 

yield makes this variety rank next to the June Gorn. 

Brazos White Corn. 

This variety which is a cross between Boone County White and 
a Laguna variety was also obtained from the U. S. Department of 
Agriculture. . It was planted on May 4th and though leaf hoppers 

were present from the start it made a normal growth till the plants 
were about three feet tall. Then the characteristic diseased condition 
came on very rapidly, the plants began to die and no ears were pro- 

_dueed. 



Upland Mexican Corn. 

This corn was obtained through Prof. D. L. Crawford from the 
Department of Agriculture of Mexico. It is a white variety with a 

deep shoe-peg type of kernel. It was planted on April 25th and 

erew nicely till about fifteen inches tall—rather slender plants with a 

decidedly bluish tinge to the color of the leaves. Then it began to 
tail rapidly and never produced ears. The best plants never grew 

taller than three feet. Leaf hoppers were abundant but a field of 

Cuban corn adjoining this and planted on the same day grew to an 

average height of six feet and produced a good yield of ears. 

Guam Corn. 

This variety has been grown very successfully on the Island of 

Kauai for some years. It is a large kerneled white variety. Two 

plantings of this corn were made on the College Farm, one on De- 
eember 20th and the other on January 4th. Both fields showed the 

same characteristics. Both fields had leaf hoppers present but only 

about 5-10% of the stalks showed abnormal conditions in manner 
of growth. On the College Farm this variety attained a height of 
only five feet, but the wind conditions during the entire growing 
season were rather unfavorable; notwithstanding heavy winds, often 

following rains which first loosened the soil, the corn withstood these 
adverse conditions very well. The December 20th planting matured 
mm 125 days and yielded 24.1 bushels and the January 4th planting 

matured in 129 days and yielded 25.2 bushels on an acre basis. The 

husks tend to open before the ears are mature, permitting injury 

by birds and by the larva of the grain weevil. The plants showed 
a tendency to send up as many as four or five suckers at the base of 

cach plant. However, these are minor factors compared with the 
tendency of many varieties not to produce anything, and Guam corn 

must be considered one of the good lowland varieties of corn for 
Hawaii. 

Cuban Corn. 

Cuban corn has been the outstanding corn of all the varieties 
that we tried on the College Farm. The original seed was obtained 

from Cuba through the Crenshaw Bros. Seed Co. of Tampa, Florida, 
in January, 1917. As corn belt standards go it would have to be 

considered an inferior appearing corn. The kernels are rather 
shallow, some are dented and others show a decidedly flinty character. 

The color is dark yellow, which meets with approval, for the Hono- 
lulu market is decidedly partial to a yellow corn. ‘The average 
weight of the original ears was .46 lb. each, consisting of 77% ker- 



nels and 23% eobs. 

Date of 
planting 

Feb. 

Aug. 
Oct. 

Oct. 
Oct. 
Feb. 

1This field was badly infested with the Japanese “‘nut grass” 

ISA) SET, 
23,1917 
1, LITT 
U5 We nliei 
Zo OG 
26, 1918 

Date when ready Days required 
to harvest 

TUM SR VON er ene LCi ec 115 
Dee! LON TST ma Ree OTL ES ee a 116 
Web! Wa POMS awe hea | ea ys Shey mene © eye a7, 
dCs 0 aM Ll 2) bc Sl = AA I AR A hc Sle ich 116 
CS pes ES Mr Be A a a AINE O 5 Ai 
Jima DEOMI See Oe eS Oe eee a 119 

formed a sod and undoubtedly retarded the time of maturing. 
2When this stand of corn was about 15 inches tall, a three-day strong wind following a 

heavy rain nearly blew the corn: out of the ground and some never did recover, and after this 
wind all proved more susceptible to hopper attacks than any other Cuban corn field we had. 

The following table shows the results we have 

ebtained with the different trials of this variety: 

Yield in bushels 
for maturing (70 lbs.) acre basis 

30.6 
41.1 
57.4 
55.6 
50.17 
a0 

(Cyperus rotundus), which 



Ears of Cuban Corn 

ield of Cuban Corn on College Farm F 



Cuban corn does not possess an absolute immunity to the leaf 

hopper, but in most cases a marked resistance. Various soil and 
weather conditions seem greatly to influence its ability to withstand 
the leaf hopper. All our fields had leaf hoppers in them, but in only 

a few cases did they seem materially to decrease the yield. There 

were occasional plants in all of our Cuban corn fields which showed 

the stunted condition characteristic of the varieties which were total 

failures; but these stalks, except in the case of the field planted Feb- 

ruary 26, 1918, were never abundant enough seriously to reduce the 

yield. 
Aside from this valuable apparent resistance to the hopper the 

~ husks surround the ear so completely and tightly that there never 

is any bird or weevil injury in the field, even if it is not harvested 
till long after it is matured. In a country where the grain weevil 
is so common as in Hawaii this is an extremely valuable characteristic. 

With husks that open at the tip before maturing it is a common 

experience to find ears that are rotten with the larval stage of the 
weevil when harvested. — 

Seed of this corn has been distributed by the College to 101 

corn growers in every part of the Territory of Hawaii. Some re- 

ported failures, others report remarkable success, most of them failed 
to make any report. The following are a few comments: 

‘‘This is the best corn I have ever planted. It is weevil proof. 

My corn is 7144-814 feet high.’’—Lawrence Maioho, Koloa, Kauai. 
Principal E. A. Brown of Puunene School, Puunene, Maui, in 

reporting a yield of 31.5 bushels makes this comment: ‘‘Kula corn 
planted about the same time was a total failure. It took on a 

streaked appearance when about half grown and failed to make 
further development. Planted in December it did very well.”’ 

Mr. George E. Lake of Hana, Maui, makes this comment: ‘‘My 

corn was a great delight. A wonder in the neighborhood. It grew 

very rankly. Some ears were four and more feet above the ground. 
Some of the best ears I have saved for seed. Many of the people 
have asked me for seed. No other corn has ever made a success of it in 

our section, In any way comparable with this. I shall plant earlier 
this year, it may be in September. We have great rains and high 

winds in the winter months. Gardens are thrashed into tatters and 

washed into the sea. Many pilikias’’ (troubles). 

COWPEAS. 

Results ranging from total failures to unqualified successes have 

attended the efforts to grow cowpeas on the College Farm. The 

failures when not due to unusual conditions like floods, high winds, 

ete., have been caused mostly by the aphis, which in some eases lit- 

erally covered the stems of the plant and petioles of the leaves. 
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Spraying with various compounds like ‘‘Black Leaf 40” creolin, soap 

solution and pyrethrum powder seemed to help for a few days only. 

The introduction of lady bird beetles by the entomologist, Prof. D. 

L. Crawford, was by far the most economical and effective means 

of fighting the aphis. 

Some destruction of young cowpea plants was found to be due 
1o the roots being severed by the larval stage of the Japanese beetle. 

Injury from this source however was very slight compared with 

aphis injury. 

A field of Groit cowpeas planted February 13th matured its seeds 

in from 84-95 days, yielding at the rate of 802 lbs. per acre. 
Another field of Groit cowpeas planted September Ist and cut 57 

days later for forage yielded 6 1/3 tons of green cowpea vines per 

Here 

A field of Taylor cowpeas planted October 16th matured a fair 

erop of pods in 106 days after having passed through unusually ad- 

verse weather conditions, including partial submergence by a flood 

for one day. 

PEANUTS. 

The Improved Valencia which often has four kernels to the 
pod, and the Small Spanish variety of peanuts have been grown on 

the College Farm with the results shown in the table below: 

Days till Yield in lbs. of pods 

Variety Date of planting ; mature (acre basis) 

Small Spanish Ney eer ea ace ets ae eee ee eee te 110 2299- 
Imp. Valencia IN Tete acts SIEM F(A = alt A ns ee rr Aaa bE, 110 12838 
Small Spanish Senter Oui Mee meee Malin are 126 2849 
Imp. Valencia SMe ote tne eee, ae cotta! NS 124 1307 

The Improved Valencia in the case of the crop planted Septem- 

ber 3, 1917, was affected with a form of wilt which attacks the plant 

at the base and results in the whole shoot becoming dry and withered. 

Mr. C. W. Carpenter, pathologist at the U. 8S. Experiment Station, 
identified this wilt as being due to a fungus, Sclerotium Rolfsii. Per- 

haps 8% of the Valencia peanuts were affected. The Small Spanish 
variety was almost entirely free from the wilt. Work done on this 

wilt at the Virginia Truck Experiment Station’ seems to indicate 

that the wilt is carried over in the soil for a number of years or the 

spores may be introduced with the seed. 

DRYLAND VARIETIES OF RICE. 

Three varieties of Japanese dry land rice were obtained through 

the courtesy of the Experiment Station of the Hawaiian Sugar 

Planters’ Association. These three varieties were known as Koganel, 

1Journal of Agricultural Research, Vol. VIII, No. 12. 
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Mizuho and Takachiho and all three varieties were planted in the 
same field on August 25th. An occasional irrigation was given which 

together with the natural rainfall was all the moisture the rice re- 
eeived. The field was never flooded. 

All of the varieties grew to a height of about fourteen inches 

and formed heads. The Mizuho variety was the first to form heads 

and this was followed by the Koganei and Takachiho varieties in 

the order named. Three months after planting all varieties were 
fully headed out. The plots were small and unfortunately because 

of injury by birds, we did not secure any seed. The general meager- 
ness of the growth however leads us to believe that even if bird in- 

jury could have been avoided, the yield would have been rather 

small. 

SORGHUMS. 

With conditions in many ways similar to those parts of the world 
in which sorghums are important crops, it would seem that they 

should have a’place in Hawaiian agriculture. Seeds of the following 
varieties of sorghums were obtained from the Bureau of Plant In- 

dustry : 

VETO Pe RENO ORES ISOS ALESIS Ai DR Se Leggs 18684" 
Tmproved) Peteritalttciign ccc ece Cet this ee cee oY 22329 
ETeC@di: SOPs. (ihc Pa is Balk. «oe OH Peo ege ue Coane o Game i 29166 
Honey (SOreo i. aoe esos e sospensc ee es Sate aoe eke eae - 34925 

Sima; US ORSON...) eis ss ee ies, ak 0s ot Greteneeestel Scie Speco a 35038 
Blackhull Wihitesikanr 87.15... ces | eee ik 35047 

. Pink Kafir (commercial seed)............... No. 1491 

Darso Sorghum (commercial seed)........... ie 1530 
Shallu (commercial seed) ..... i heetsnamneg SOO rig a rs 1535 
Early Orange (commercial seed)............. r 1538 
Dwarf Hegari (commercial seed)............. 4 1539 

All these seeds with the exception of milo were planted and a 
year’s test showed the results given below. The plots in most cases 

were small, about one-twenty-fifth acre in area. The fodder was 

fed green to horses and cattle and weights given are on a green 

basis. 
No. times cut in Total yield for 

Variety first year year on acre basis 

Improved sMeteritay.. 7s pentaciees permeates bie Os ohveye 5 75.12 tons 
HPD YE ORA TIS Ohi. 2 Aud QoS AMR ER ee ea er a, Ay GG ete Ne 4 46.80 “ 
Blackhulliw hite Wain bos Se Gee we es ee eee 4 AD ee 
Pimk: eaviiie eee ow Re OL eee ei Ba 4 37120 9n 
HONEY ASOLP2O0: 2). sk, . oslelsieucla ie Sa eee i ie eee 4 So Aa 
TO Walrt CSA on sa cms eo lev ec eee ee 4 51.29: Sad 
PreedwSorge: 3. cst eek. UA, SAE See RT See 4 By UA er 

Sa TEU eee tie ae) yi aed ied oy al ns a Rane de aa a 4 50892 0 aes 
SUMIAE) SOTO, We ped wuss cd tee) dh eyes ceva ede NM ean, 2a eae dea 4 S003) = 
Darso Sor swept cen thers coucte ss co sere reece eae ee 4 WAT PA (me eb 

These yields compare very favorably with alfalfa, which, during 

1These numbers are U. S. Dept. Agric. Bur. Plant Indutry numbers. 
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the same year with the same amount of rainfall and irrigation, pro- 

dueed an average of 40.64 tons green forage per acre. 
Improved feterita produced an excessive yield. It does not grow 

very tall but recovers very rapidly after cutting. 
During the first six months of its growth the Early Orange 

variety by reason of its tall stalks and leafy foliage was by far the 

best yielder. The later ratoons however made very slow progress. 
The Pink Kafir, Sumac sorgo, Shallu, Honey sorgo, Freed sorgo 

and Blackhull white Kafir varieties while showing differences in 
eolor and shapes of tassel and seed did not show any other striking 

characteristics. In all cases the growth of the later ratoons has been 

very meager and slow compared with the first few crops. 
Dwarf hegari is peculiar in that the stems never grow over four 

feet in height, even in the plant crop. In spite of this stunted growth 

the yields compare favorably with those of its taller neighbors by 
veason of it being able to recover rapidly after one crop is harvested. 

Darso Sorghum proved extremely susceptible to a form of rust 

purplish brown in color and this rust accounts for the low yield of 

this variety. 
All varieties started to produce seed but in all cases where the 

heads were not protected by covering with sacs, the seed was eaten 

by birds even before it began to mature. 

The growth of all varieties after one year’s time was so slow 

as to render them unprofitable. The field on which these varieties 

were grown was not fertilized. 

SUDAN GRASS (Andropogon halepensis). 

Sudan grass produces very good yields of forage. In 1916 the 

average yield was 47.49 tons green forage on an acre basis and in 

1917 only 28.49 tons. The yield rapidly decreases as the field grows 

older and this accounts for the greatly decreased yield in 1917 as 

compared with 1916. Alfalfa in contrast to this maintains a good 
stand much longer. Our best alfalfa field is three years old and 

some of our alfalfa fields are six years old and still producing well. 
The green sudan forage is very palatable to both horses and 

cattle. The plant seems to be very free from injury by insect pests 
and plant diseases. 

SUGAR CANE. 

Through the courtesy of the Hawaiian Sugar Planters’ Experi- 

ment station and several plantations, seed stalks of the following 

varieties were obtained and planted on the College Farm: 
Yellow Caledonia, Big Ribbon, D-1135, Yellow Tip, Striped Tip, 

Lahaina, H-146, H-349, Red Caledonia, Caledonia (by Moir), Striped 
Lahaina, Striped Caledonia, Striped D-1135, H-109 and Badila. 

ll 



These sérve merely as variety studies for students and testing 

material for the sugar technology department. No experiments in 

cane growing are being conducted at the present time. : 

UBA CANE. 

A variety of forage cane known both as Uba cane and Japanese 

cane has been grown somewhat through the Territory as a forage 

crop. A half-acre plot on the College Farm yielded 29.46 tons green 

forage on an acre basis during 1917. The field was cut five times. 
While it produces fairly good yields we do not consider Uba cane 
pearly as nutritious or palatable as Sudan grass. 

DAMAGE BY CUTWORMS. 

Cut worms oftimes do a great deal of damage to new plantings 

of nearly every crop. We have found them particularly active in 

corn, sorghum and alfalfa fields. The serious injury is limited to 
the time when the plants are very young and tender, when they are 

cut off at the surface of the ground. 
The following poison mixture has proven very effective when 

applied lberally along the rows: 

75 lbs. middlings, 
501.) _ bra, 

12 ‘‘ molasses, 

80 “i. savater, 

3 ‘° Paris green. 

The mixture can be varied somewhat from the above formula. 

The essential part is to get the Paris green mixed with something 

that appeals to the taste of the cutworm. 

EXPERIMENTS IN THE ERADICATION OF ‘‘NUT-GRASS”’ 

(Cyperus rotundus). 

This plant is one of the worst weed pests in the Hawaian 

islands. It spreads by seeds when these are allowed to form, but 

aside from seed production, it produces underground corms up to 

12 mm. diameter in size which possess the ability to reproduce the 
plant under remarkably adverse conditions. 

An attempt was made to eradicate nut-grass by cultivating 
sufficiently to prevent any growth above ground. The field was har- 

rowed or disced about once every three days, depending on the 

amount of rainfall and resultant rate of growth. The experiment 
was started August 10th and continued to December 6th of the 

same year when continued rains made the field in question so muddy 
as to make continued cultivation impracticable. From time to time 
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thirty representative nut-grass corms were selected and weighed to 
note whether preventing growth above ground was actually reducing 

the size and hence the vitality of the corms. 

Wt. of 30 Average wt. of Days since beginning 

Date nut-grass corms one corm clean culture 

BIS 0S Gis ic atuilew wyahecaleaie ale u's see 27.3 grams .91 grams 
TM rd cde «pid asi eone: cists eos sc 12.9 ef 43 we 69 
HRM Dee choo Sclvepes Sa cdidid GNce oe sue es 9.0 > 30 * 118 

At the time it was necessary to discontinue the experiment the 

erowth of the grass showed that there was still plenty of vitality 
left in the corms. However reduction to one-third of their original 

size in 118 days shows the effect of the starving process. 

On February 10th, 64 days after cultivation had been discon- 

tinued, thirty corms selected from the same field showed an average 

weight of ./4 grams each, indicating the rapidity with which food 
material is stored in corms when the tops are allowed to grow un- 

checked. 

The corms exposed to air and sunshine lose about 380%. of 

their weight in three weeks. An average corm as taken from a rea- 
sonably dry soil contains 53% moisture. Four nut-grass corms 
placed in good soil and allowed to develop produced plants two feet 

high in 42 days. 

Six nut-grass corms in a soil that was flooded with water for 
32 days produced strong, vigorous shoots four days after they were 
taken out of the water-logged soil. 

DAIRY CATTLE. 

The College Farm has a herd of dairy cattle of the Holstein and 
Guernsey breeds. All of the Guernseys and nearly all of the Hol- 
steins are registered animals. The Ayrshire unit was disposed of 

in the fall of 1916 primarily to cut down operating expenses until 

such time as the dairy would be large enough to justify the keep- 
ing of three or more breeds with the necessary expensive sire for 

each breed. Both 1918 and 1917 tests by the territorial veterinarian 

showed the herd absolutely free from tuberculosis. We have lost 

several valuable animals due to liver fluke, and an autopsy performed 

on a valuable Guernsey bull, Lord Mysie of Lewison, who died rather 
mysteriously on June 138, 1917 revealed eighteen pieces of wire 
ranging in length from one-half to three inches and three stones 

about half an inch in diameter in the second stomach. This autopsy 

was performed by Dr. Victor Norgaard, the territorial veterinarian. 

Much work has been done along the line of determining the cost 
of milk as produced on the College Farm and this information as 
well as production records, feed records and costs is presented below 

in tabular form: 
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MILK PRODUCTION COSTS FOR TWO YEARS 

College of Hawaii Farm 

(Interest on investment and depreciation not included.) 
1916-1917 1917-1918 

Quarts’ Produced sic. eo es 00) pe nwsa eleva brteticnen tee niers 22,151 22,940 

Cost per quart for: 
Feed (concentrates and roughage).............. .0618 0811 
Maile Orn snk ae spt ace atts ci sede ee ee .0392 .0548 
ReELrigeratiOnM: op ctoils ones ohts.s sa ini oy al aie yee ean .0106 .0061 
Kuel for’ Sterilization or oe c!. ee ate a eee ee .0088 .0086 
Miscellaneous 4s eal eds cit ides bt BOR Big See .0189 .0154 
Horse aOR sae eerie ies 508 x. « Binns tnd AER URE 0021 .0023 

.14141 1683" 

1These figures include cost of feeding and caring for both producing and non-producing 
animals. With fewer non-producing animals (bulls and young stock) the cost per quart for 
feed and labor would be materially less. i 

FEED COST PER QUART OF MILK. 

College of Hawaii Dairy. 

July 1, 1917 - June 30, 1918 

Name of Cow Lbs. Milk Feed Cost 
produced Feed Costt per qt. milk 

Kauioco- Manoa, ‘2. sieciecs © ee Bice tn ko eee 8,647.7 $147.73 $.037 
POLST as 6 bos n, 6 RLS Ora eee ateaarner Mien 7,191.2 136.44 041 
TU ood oe id oe sel eee eae ee Ae Oe 6,840.2 116.80 .037 
Baby OLECtA. Sox 2. tn ee cae terete cnoestencce te 5,672.0 101.35 .042 
Sunbeamy (erade) ss . eee ee eee ee 5,465.7 111.47 .044 
Kitcheners “Corona Wass’. acc s eo eee 5,324.0 147.63 5) 
Wady of Manoa & 2b emase CsfEESS SEL IBES § 4,387.7 141.47 .069 
VOlEtCay Gates Oe + Ph. ae eas are gee cena 3,125.6 139.16 .096 
Manoa: ;CTreamCup v.05. «4 cess oe ees ee 3,108.7 C164. Cin 

AVETALE EE Rik. os che Gee PEE ae 5,529.1 $129.35 $.051? 

1Does not include pasture. 
“For milk producing part of dairy only. 
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SWINE. 

Berkshires are the most popular breed of hogs in the Territory 

of Hawaii with Duroe Jerseys, Hampshires and Tamworths next 

important in the order named. The searcity if not complete absence 

of Poland China and Chester White hogs in Hawaii was indicated at 
the 1918 Territorial Fair where not a single animal of these breeds 

was exhibited. 
Feeding problems are different from those in the mainland. 

Feeds that are recognized as standard in the corn belt are imported 
to some extent and about 6000 acres of corn are annually produced 

in Hawaii but these feeds are largely supplemented by distinctly 

local feeds as algaroba meal, cassava, sweet potatoes and pigeon 

peas. At Schofield Barracks something over 1000 hogs of the Duroc 
Jersey breed are fed almost entirely on the slop obtained from the 

kitchens of this army post. 
The College Farm has Berkshires and Tamworths in a new con- 

erete piggery. About three sows and one boar of each breed are kept 

and these supply the litters for various feeding tests. 
The Tamworth is an ungainly animal with a long nose and 

rather narrow and high sides, distinctly a bacon animal. All feed 

costs per pound of grain seems very high in Hawaui; our records do 
not show that it costs more to make gains on Tamworths than on 

Berkshires. 
Size of litters: As an average of nine Berkshires and seven 

Tamworth litters we find the following: 

Average No. 
pigs per litter Highest Lowest 

IBEiAGSIIreS) So ee! =, RE LO ea rs) 10 a 

TEAC ACIS Se Ree Ss OME ed ae 8 jal Fi 

THE ALGAROBA BEAN AS A FEED FOR HOGS. 

The algaroba tree (Prosopis julificra DC.) was introduced into 
this territory; the original tree still exists in a fairly thriving con- 

dition in what has since grown to be the center of Honolulu. A plate 

on this tree has the following inscription, ‘‘First Algaroba tree of 
the Hawaiian Islands, imported and planted in 1828 by Father 
Bachelot, founder of the Catholic Mission.’’ During the ninety years 
since its introduction it has spread everywhere and now covers hun- 

dreds of acres which once were waste land. The introduction of this 
leguminous tree has been a distinet blessing to the livestock men of 

Hawaii. Hach year the tree produces a crop of pods which when 

ripe turn yellow and fall to the ground. They are gathered up by 

children who sell them to the feed companies which, with specially 

constructed mills, are able to grind the sweet, sticky pods to a meal. 

This meal is retailed like other feeds. It contains both the pod, 

which is distinctly sweet to the taste because of its high sugar con- 
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tent, and the beans (3-5 mm. long) within the pods. Cattle and hogs 
will, and in pastures-do, eat these pods directly as they fall from 

the trees. It is commonly assumed that in this unground state the 

beans within the pod which are rich in protein pass through the 
animal undigested. An experiment to determine the relative effi- 
ciency of this feed in the form of algaroba meal or unground alga- 
roba pods is now in progress at the College of Hawaii Farm. Alga- 

roba pods in many sections can be had for the picking at the present 

time and the cost of picking by hand when done by children is 
usually under ten dollars per ton as contrasted with fifty two per 
ton, the present price of the meal in Honolulu. 

In an experiment just finished at the College of Hawaii an at- 

tempt was made to discover the relative values of different rations, 

two of them containing algaroba meal. A litter of nine pigs from a 
pure bred Berkshire sow was divided into three uniform lots of 
three each on February 28, 1917. This litter was born on December 

5, 1916, making them eighty-five days old at the time of starting 

the test. The three lots were given the following respective rations 

together with green alfalfa for roughage and from April to July 
inclusive they were pastured on an alfalfa field. 

Low l “Cracked corm... 0.3 eee ee oe eee he soe 31 Ibs. 
Wheat) middlinges.'. 1: 2ekeee Coe hells . A OR eee aM eG 
Rolled ‘Oats ns). occ a.c sew oa ese oes) | eee ot ae 
Tuimse@ed: MOA) cxc>.1i dee Lee ee ewe © Sire 3 5k Dusit 
Salt eee coe 6 ie eae te Ee eS oe a 

Lot*2 .Algaroba meal. 28.58 24S ie eb eee 47 lbs. 
Wheatwimid@lings:«cgeciastss seus ops sibs ee 47 “ 
dcoinseed “npGald .cscn eyekestee do econ kena. ‘et eee ee 

Sis nen eu ree ene Rae Sm cS Tey 

Lot. 3. Algaroba. meal. icici cue sue nice ce.crc. gt) eae ee 47 lbs. 
RIGS VDVANSA6beR, He A SR tie het bk. ean ne ATA 
Linseed) aieala yio5 ss sakes rete SS ee ee ree ee doe 
Salt. AL Les Sh Bee Ae 2, See eae Zr cued 

It is of interest to note the Honolulu costs of the feeds at the 
beginning and end of the experiment. They are as follows on a 
ton basis: 

Feb., 1917 Sept., 1917 

Cracked Peorn! 20 2e. oe: Dee kee Boe TE BS a, a? $56.00 $84.00 
Wiheat middlin gs. seid aged eas Fa Bee 41.50 64.00 
Rolledoatsy.... . ... gree heeeh kee aehe Lae Gs iene 51.50 54.00 
TLINSCCH MEAT ke. 6 ce Re ee ee 50.00 45.00 
Algaroba) vmedl.) . 0.0. See, Bee) 35.00 52.50 
Rice Moran Pees 2%... os SRS Ro es eeu Penna: 5 ee ee ee 29.50 36.00 
Green altar ce. sheets Sie eRe: ear eee a ee 5.00 7.00 
Mixtures! Mots aie Ut i Ae ER, Ce A eee I 48.92 65.52 

i TEER tORR Do i ES ae are ee ae 38.34 56.96 
Hy Ty cebu aNe ihea eialeia ckeueede eat Wt eee ee a 32.70 43.80 

The nine pigs were divided so as to make the lots as uniform 

as possible. The test was continued till September 27th, a total of 
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seven months. During this time each pig was weighed once every 

week. Unfortunately one of the pigs of lot three took sick and died 

seven weeks after the beginning of the test. It seems very doubt- 

ful if the ration can be blamed for the death of this pig since the 
other two were not sick at any time. It was deemed advisable to 

eontinue the test with the two that were left and in the following 

tabulations all figures concerning lot three are based on the two 
hogs that lived throughout the whole test, as it was manifestly unfair 

to charge them with feed eaten by the sick pig at a time when this 

pig was making no gains. 
The following table gives the results of the seven months’ feed- 

ing test in concise form: 
Lot 1 Lot 2 Lot 3 _ 

STG Se Mite MOU ul Seale ola 418 Ibs. 365 lbs. 218 lbs. 
VS TUCSIINES JENS OE cy Sf eo ea 80 ab 82 i 54 a 
TOE, SU, OE TO eS a ee 338 4 283 is 164 “ 
WD aiveresamewOr LOLS. 2. enh ie fil ee es 609° * OTs! aici. See 
DAILY AVERAGE GAIN PER PIG... 153) eae 4 ADs“ eo 
COSH Ol AOC ae Ie ir ei sre $33.28 $24.76 NLC 
Cosmonpoltalia PEG? . ce. de eee 8.36 Sel 6.19 
Moraee@sh- Of Teed) yx. 2.4.0.0. ee 41.64 32.88 21.96 
FEED COST PER POUND GAIN... 123 lO alse 
apie pounds rain fed ............. 1124 1124 851 
GRAIN REQUIRED PER LB. GAIN... Baas LOS SHO all Osis Deo hing: 
Average cost grain mixture per ton... $59.22 $44.06 $37.06 
Lbs sraim.ted each lot daily......... oe 5.39 4.05 

There was considerable variation in the gains made by the indi- 

viduals, especially in lot one. The weights of the individual hogs at 

the beginning and the end of the test are as follows: 

Weight Weight Lbs. Lbs. Daily 
Feb. 28 Sept. 27 Gain Gain 

Ii IL TG)" 2 32 180 148 704 
gi S's Scheie aN an rea eae 2 140 aS 938 
1 LTO) rE al 98 fen .066 

LoS) ICR 8) ee 32 140 108 .o14 
. MMS Wines eee. ke, 25 Tl 86 409 
cs Lo 0. GR as Rane Oe aaa ian 25 114 89 423 

ee MOMMA ee oll, vs cc br Oe a vedas 29 121 92 438 
‘e Rt caso A Na cn 25 el 72 342 
OTL Gap EE IRIS a a, eae 25 died 

Several matters are evident from a study of these individual 
weights the most striking of which is that the differences in size 
between pigs of the same litter tend to become greater as the hogs 
grow older—in short, the ‘‘runt’’ of the litter tends to remain under- 
sized. Secondly the differences between individual gains being 
greater than those between lot gains there may be some considerable 
question as to how much dependence can be placed on the variations 
between the lots. No. doubt more experimental work must be done 
along this line to make the results conclusive but in general the indi- 
cations are: 

1. A standard corn-belt ration as given lot one produces the 
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most rapid but not most economical gains, owing to the high prices 
of these feeds in Hawaii. 

2. Algaroba meal seems to possess considerable merit as a hog 

feed. 
3. Wheat middhngs fed together with algaroba meal as in lot 

two produces more economical gains than rice bran fed with algaroba 

meal as in lot three, and this in spite of the fact that wheat middlings 

eost on an average of twenty dollars per ton more than rice bran. 
ALGAROBA MEAL versus ALGAROBA PODS 

A feeding test has been carried on at the College Farm com- 
paring algaroba meal with a like amount of the unground pods when 

fed to hogs. The indications are that the pods are equal in feeding 

value to the ground meal, but the results are not conelusive so the 

data is being withheld till the experiment can be repeated. 
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